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CHAPTER 1 
STUDY AIMS 
 
The overall aim of this thesis was the study of degenerative lumbosacral stenosis (DLSS) in 
dogs.  
 
The first aim was to evaluate the clinical and diagnostic imaging features of lumbosacral 
transitional vertebrae (LTV). This condition is known to predispose dogs to develop DLSS 
but specific descriptions of clinical signs, classification, incidence and risk assessment have 
not been previously published. We describe the classification and incidence of LTV in various 
dog breeds using 4000 radiographic cases (chapter 3). Next, a study on the relationship 
between LTV and DLSS is described and used to determine factors predisposing to cauda 
equina syndrome (CES) in 92 dogs (chapter 4). In a third study, the clinical and diagnostic 
imaging features in dogs with asymmetrical LTV and outcome after a modified dorsal 
decompressive technique are described (chapter 5). 
 
The second aim was to study the clinical and radiographic appearance of the lumbosacral 
junction in a uniform population of working German shepherd dogs with and without clinical 
signs of DLSS. First, we examined the potential association between neurological and 
radiographic findings in this population of dogs with a specifically high risk to develop DLSS 
(chapter 6). The data of this investigation were used to develop and perform a prospective 
study which followed a cohort of dogs clinically and radiographically for over 3 years in order 
to gain information on the natural course of the disease and to analyse the potential value of 
plain film radiographs to predict development of DLSS before onset of clinical signs (chapter 
7).  
 
The third aim was to introduce new strategies for both the non-surgical and surgical treatment 
of DLSS. In people, degenerative conditions in the lower back can be managed successfully 
with physiotherapeutic exercises over many years. These exercises include mobilization of 
lumbar nerve roots for which clinical trials show evidence of promising effect. There are no 
veterinary studies that document the effect of physical exercises on nerve roots in canines. In 
a cadaveric study using Beagle dogs we wanted to demonstrate if and to what extent lumbar 
nerve roots can be mobilized using techniques that have been adapted specifically for 
quadrupeds (chapter 8).  
In a final study, we evaluated the effect of clinical signs of DLSS of a new method to 
surgically decompress the seventh lumbar nerve (chapter 9). Unrecognized or untreated 
stenosis of the lumbosacral foramen and subsequent compression of the 7th lumbar nerve root 
is considered as an important reason for failed back surgery in human neurosurgery and has 
been recognized as an important contributor to canine lumbosacral disease with magnetic 
resonance imaging in recent years. This specific aspect of DLSS represents a challenge for 
veterinary neurosurgeons as compressive lesions in the middle and exit zone cannot be 
approached by dorsal laminectomy without complete or partial removal of the articular facet, 
and thus, risking postsurgical instability. In order to get direct access to lesions in the 
peripheral parts of the foramen without disturbing the articular facet we have developed a 
lumbosacral lateral foraminotomy. We describe the use of this technique and the outcome in 
20 dogs with DLSS and foraminal stenosis diagnosed with magnetic resonance imaging. 
CHAPTER 2 
 DEGENERATIVE LUMBOSACRAL STENOSIS - INTRODUCTION AND REVIEW 
 
Lower back pain and neurological dysfunction due to degeneration of the lumbosacral 
articulation and subsequent cauda equina compression account for a significant percentage of 
canine cases seen in neurological referral centers. A plethora of terms have been ascribed to 
this condition including cauda equina syndrome, lumbosacral spondylopathy, lumbosacral 
malformation-malarticulation, lumbosacral stenosis and lumbosacral instability reflecting that 
this is probably a multifactorial disorder which may have different causes. While the term 
DLSS may be used to encompass all these terms, the term cauda equina syndrome (CES) best 
summarizes best all possible etiologies for dysfunction of the caudal lumbar nerve roots 
because it includes – in addition to degenerative disease - traumatic, vascular, inflammatory, 
neoplastic and anomalous causes. Since DLSS cannot be diagnosed by the neurological 
examination alone, ancillary investigations are necessary for specific diagnosis. DLSS 
consists of bony and soft tissue proliferations, possibly in conjunction with abnormal motion 
of the lumbosacral joint, with resulting painful compression of neural and vascular structures. 
Since the first description of the syndrome in 1978 by Oliver many investigations on 
diagnostic, therapeutic, epidemiologic and pathophysiologic features have been published.  
 
Anatomy and biomechanics of the lumbosacral junction 
  
The lumbosacral junction is composed of the intervertebral disc and two facet joints. The 
stability between the seventh lumbar vertebra and the sacrum is achieved by a network of 
supporting tissues including the annulus fibrosus, the dorsal and ventral longitudinal  
ligaments, the ligamentum flavum (interarcuate ligament), the ligaments between the spinous 
processes and the longitudinal, oblique hypaxial and epaxial muscles.   
The boundaries of the lumbosacral canal are formed bilaterally by the pedicles, ventrally by 
the dorsal longitudinal ligament and dorsally by the roofs of the seventh lumbar vertebra and 
sacrum and the ligamentum flavum. The lumbosacral canal contains the lumbar spinal nerve 
roots with its associated lumbar arteries and the paired internal vertebral venous plexus. All 
structures are embedded in soft epidural fat. After exiting the dural sac, a membraneous 
structure that encases the spinal cord, a group of caudal lumbar nerve roots (resembling the 
tail of a horse and therefore called cauda equina) extends into the lumbosacral canal. The 
dural sac is of variable length, with a tendency to be shorther in large breeds; however it does 
extend into the sacral vertebrae in 80% of dogs (Lang, 1988). The cauda equina is formed by 
the spinal nerve roots of L6, L7, S1-3, Cd1-Cd5 which exit the lumbosacral canal through 
different intervertebral foramina. The lumbosacral intervertebral foramen is limited cranially 
and ventrally by the pedicle and floor of the 7th lumbar vertebra; the dorsal limits are lined by 
the articular processes, joint capsule and lateral extensions of the ligamentum flavum and 
caudoventrally by the lumbosacral disk and the pedicle of the caudal articular facet at its 
caudal end. It is noteworthy, that the lumbosacral nerve root exits the spinal canal in the most 
cranial part of the foramen and not at the level of the intervertebral disk as in the cranial 
lumbar and thoracolumbar segments.  
 
     
A   B 
Fig. 1: A) Cauda equina after removal of the dorsal lamina of the sacrum. B) Dorsal plane MR image 
through the lumbosacral spinal canal of a dog (T2-weighted sequence). Both images demonstrate 
parts of the lumbosacral anatomy. L7 = 7th lumbar vertebra; SC = spinal cord; C = cauda equina; S = 
sacrum; S1 = S1 nerve root; V = vertebral plexus  
 
Each of the segmental nerve roots is composed of a dorsally-located, sensory root and a 
ventrally located motor root. The lumbar spinal nerve is formed by merging of these roots at 
the level of the intervertebral foramen.  Immediately upon leaving the intervertebral foramen, 
the spinal nerve divides into a dorsal and ventral branch. While the dorsal branches innervate 
the epaxial spinal musculature and the skin, the ventral branches (usually described as lumbar 
nerves without specifically referring to them as ventral branches) are connected to the 
sympathetic trunk by rami communicantes. The last five lumbar nerves and all sacral nerves 
are joined together to form the lumbosacral plexus within the pelvic canal from which issues 
the various nerves to the pelvic limb (Evans and Christensen, 1979). 
The lumbosacral junction is the most dynamic vertebral segment in the canine lumbar spine. 
The lumbosacral intervertebral disc is the largest within the canine spine and acts as the main 
structure to provide flexibility and to absorb forces that are transmitted from the pelvic limbs 
to the spine (Bray and Burbridge, 1998). Mobility of the lumbosacral junction has been 
investigated in various studies and was defined as the difference between the lumbosacral 
angle in flexion and in extension. Flexion and extension were found to be the principal 
movements while rotational and lateral movements are less pronounced (Benninger et al., 
2004).  The main type of motion has its centre at the level of the caudal endplate of L7 and the 
intervertebral disk. Simultaneously, a translational movement displaces the sacrum ventrally 
when the spine is extended (Bürger and Lang, 1992 and 1993). A study in canine cadavers 
using MRI and CT for assessment of three-dimensional motion of  the canine lumbar spine, 
revealed that the total range of motion for flexion and extension was mainly associated with 
the facet joint angle, the facet joint angle between the different levels of the vertebral column 
in the transverse plane, disk height and lever arm length. In the clinically normal German 
shepherd dog (GSD), lumbosacral mobility was found to be smaller, compared with dogs of 
other breeds (Benninger et al., 2006). Dogs affected by DLSS have reduced flexion in the 
lumbosacral junction resulting in reduced mobility due to degeneration and increased rigidity 
of structures that become strechted during flexion (Schmid and Lang, 1993).  Despite these 
descriptions of the motion pattern of the lumbosacral joint in dogs with and without 
degenerative alterations it was not possible to identify any anatomic conformation that 
correlated with clinical signs of DLSS.  
 
During motion of the lumbosacral spine, not only bony and ligamentous structures undergo 
movements but also the nerve roots are gliding within the spinal canal and the intervertebral 
foramina. In dogs affected with DLSS, these physiological movements may be inhibited by 
stenosis of the lumbosacral canal and intervertebral foramen, adhesions and morphological 
alterations of the nerve roots. The movements of the canine lumbosacral nerve roots have 
been studied and quantified in normal canine cadavers to form a basis for specific 
mobilization techniques (Grünenfelder et al 2006).  
 
Pathophysiological events and etiology  of DLSS 
 
Presence of degenerative changes, most commonly in the intervertebral disk, is mandatory for 
development of clinical signs due to DLSS. With degeneration of the intervertebral disk 
usually the dorsal annulus bulges dorsally into the vertebral canal and the caudal part of the 
intervertebral foramina (Fibroid degeneration or Hansen Type 2 disk protrusion). Complete 
rupture of the disk with free disk material in the vertebral canal (Hansen Type 1 disk 
extrusion) is uncommon. Clinical signs of DLSS may be mainly ascribed to dysfunction of 
the nerve roots of the cauda equina. Nerve root dysfunction occurs as a consequence of 
compression and/or adhesion of nerve roots and impairment of radicular bood flow 
(Kobayashi, 2003). Similarily,  traction on the nerve roots caused by lumbosacral instability 
or hypermobility may damage the roots.  
A variety of morphological changes occur in the nerve root due to compression including 
venous stasis, edema and subsequent intra- and perineural fibrosis (fig. 2 and 3). Compression 
induced impairment of both venous and arterial supply is an early event in nerve root 
compression, followed later on by compression and shear stress on the nerve fascicle. Damage 
to nerve tissue attracts inflammatory cells. Subsequent demyelination in myelinated fibers 
caused by inflammation may result in functional deficits. In unmyelinated fibers, mechanical 
stress may cause ectopic discharges which are experienced as pain and dysesthesia by the 
patient.  
 
Fig. 2. Pathological specimens of the L7 nerve roots of a dog with DLSS. The affected nerve root was 
hypertrophied due to chronic compression within its intervertebral foramen. Hypertrophy results from 
concentric and patchy perineural fibrosis. DRG = dorsal root ganglion.  
 
 
Fig. 3. Histological specimen from affected L7 nerve root 
of the dog of fig. 2 (HE Staining). There is massive 
perineural fibrosis (F) causing compression of nerve 
fascicles (N). This has been referred to as intraneural 
compartment syndrome compromising the myelin sheat 
and – late term – drop-out of axons. 
 
 
 
 Pain. Most dogs with DLSS exhibit pain and sensory dysfunction with few showing motor  
deficits (Danielsson and Sjöström, 1999; Gödde and Steffen, 2007). One likely explanation 
for this phenomenon would be that the dorsal root ganglion is more vulnerable towards 
vascular compromise and mechanical compression. In one histological study, the most severe 
morphological changes were found in the sensory nerve roots L7 and S1 of affected dogs 
(Matiasek et al., 2007). However, pain may not only arise from affected nerve roots but from 
any anatomical structure that has nerve endings including articular facet joint capsule, 
ligaments, surrounding muscles and the disk (commonly referred to as diskogenic pain). 
While histopathological findings of penetrating nerve fibers into the deeper structures of 
degenerated disks support the existence of diskogenic pain in humans, there is no such 
evidence in degenerated canine disks. However, there is a high likelihood for presence of 
diskogenic pain in dogs too because nerve fibers have been found in the outer layer of the 
lumbosacral annulus fibrosus in healthy dogs (Willenegger et al., 2005). Painful stimulation 
of these fibers can occur not only from direct mechanical pressure on the annulus but also 
from various breakdown products of the disk or secondarily upregulated inflammatory 
mediators (Freemont et al., 1997). 
The inciting cause for disk degeneration has not been determined so far and remains an 
important, yet unanswered question.  
Increased load. One of the most discussed etiologies for degenerative changes of ligamentous 
and osseous structures of the lumbosacral articulation has been attributed to increased load 
since mainly large breed dogs with a high level of physical activity are predominantely 
affected. This hypothesis is supported by the fact that DLSS is extremely rare in small breed 
dogs and cats and also less common in large breed dogs with lower levels of physical activity. 
Following this hypothesis, several anatomical conformations and motion patterns have been 
suspected to result in altered or increased mechanical load and, thus, predispose dogs to 
develop DLSS. Lumbosacral angles, range of motion, alignment of vertebra and facet joint 
tropism/orientation have been found not to be consistently associated with DLSS either in 
mixed population of dogs nor in a homogenous population of dogs at high risk (working 
GSDs) (Wright, 1980; Morgan and Bailey, 1990; Schmid and Lang, 1993; Rossi et al., 2004; 
Scharf et al., 2004). The only anatomical conformation that is clearly correlated with DLSS is 
a lumbosacral transitional vertebral segment (LTV; Morgan et al., 1993; Flückiger et al., 
2006). Altered kinematics have been demonstrated in dogs with LTV compared to those with 
normal anatomy: translational movement between last lumbar vertebra and the LTV was more 
dominant and, thereby, possibly increases shearing forces that may hasten the development of 
degeneration (Bürger and Lang, 1992).  LTV can be broadly divided into symmetric and 
asymmetric LTV based upon the morphologic characteristics of their transverse processes 
(Damur-Djuric et al., 2006). While both symmetrical and asymmetrical LTV may be 
associated with DLSS, asymmetrical LTV results in a specific pattern of DLSS consisting of 
unilateral protrusion of disk and degeneration of adjacent bone marrow (Steffen et al., 2004). 
This finding supports the theory that disk degeneration and protrusion is more common in 
areas where there the greatest mechanical stresses exist (Adams et al., 2000). Uneven 
mechanical load on the lumbosacral junction may induce isolated degenerative changes on the 
side with the shortest sacroiliac attachment; the contralateral side with its broader and more 
rigid attachment seems to be protected, probably due to its lesser mobility.  
Abnormal disk metabolism. Degeneration of  lumbosacral disks has been found 
histopathologically and in MRI-studies in German shepherd dogs as young as one year of age 
(Gysling 1984; Hagen 1990; Mayhew et al., 2002). This indicates that factors beyond 
mechanical loading are likely to be involved in the process of lumbosacral disk degeneration. 
Decreased nutrition of the intervertebral disk as consequence of alterations of vertebral bone 
and cartilaginous endplate represents an alternative explanation for degeneration. The 
metabolism of the disk is dependent on diffusion of fluid either from the marrow of the 
vertebral bodies across the subchondral bone and cartilaginous endplates or annulus fibrosus 
from the surrounding blood vessels. Morphological changes in these structures can interfere 
with normal disk nutrition and cause further degeneration. Disk cell metabolism is 
subsequently disturbed and the integrity of proteoglycans and water concentration reduces the 
number of viable cells. Regardless of the initiating mechanism, mechanical and nutritive 
factors could summate with the end result being an altered function of the disk to resist 
applied forces (Modic et al., 2007).  
Genetics. In addition to mechanical and nutritional causes, a genetic predisposition has been 
suggested. This is especially true for the German shepherd breed where the incidence of 
DLSS has been quoted to be more than 20% in several studies (Schmid and Lang, 1993; 
Danielsson and Sjöström, 1999; Suwankong et al., 2007). A genetic predisposition has been 
demonstrated in an animal model using rabbits that consistently develop degenerative disk 
disease at a young age (Kresina et al., 1986). Likewise, in  a  human cohort study based on a 
twin registry, substantial genetic influence on the susceptibility to degenerative disk disease 
and low back pain was demonstrated (Hestbak et al., 2004). To date, similar investigations 
have not been performed in dogs. 
In summary, there are many interactive factors at play. Mechanical, traumatic, nutrional and 
genetic influences all may have a role in the etiology of DLSS, possibly to varying degrees in 
different dogs and breeds. Finally, the influence of normal aging on the disk matrix further 
obscures the pathophysiology as a high percentage of subclinical lumbosacral degenerative 
disk degenerations and protrusions can be found in old dogs which may be just the result of 
age dependent fibroid degeneration of the disk matrix and not consequence of a genetic and/or 
metabolic defect in the metabolism of the disk as it may be the case in the younger dogs 
diagnosed with DLSS (Jones et al., 2000).  
 
Signalment 
 
The characteristic DLSS-patient is male, middle aged, German shepherd dog and exposed to 
heavy exercise. However, other medium to large breed dogs between the age of 2 and 13 
years of both sexes are affected as well. Heavy work and sporting activity may be as 
important in the pathophysiology of the disorder as the breed itself. In many institutions using 
working dogs, the GSD has been replaced by the Belgian Malinois.  Interestingly, this breed 
was as commonly affected by DLSS as the GSD in a large pathological survey (Moore et al., 
2001).  
 
Clinical signs 
 
Lower back pain manifesting itself by a characteristic posture (arched back), difficulties rising 
and jumping and stilted pelvic limb gait is the first and most consistent clinical sign in dogs 
with DLSS (Ness et al., 1994; Danielsson and Sjöström, 1999; Suwankong et al., 2007). In 
some dogs, clinical signs become overt only on heavy exercise and disappear with return to 
normal physical activity (fig. 3a-c) 
 
 
     
Fig 3a-c: A 6 year old Belgian Malinois with a left lateralized disk protrusion and compression of its S1 
root. During attacks –as shown in this sequence of images taken from a videoclip- the dog cried after 
jumping and exhibited a non-weight bearing lameness of its left pelvic limb. Clinical signs resolved 
after a couple of minutes and the dog was able to perform normally subsequent to these episodes. 
 
In most cases, pain can reproduced by applying digital pressure on the lumbosacral junction 
and by using the lordosis test (extension of the pelvic limbs with while applying downward 
pressure on the lumbosacral junction). This test does not differentiate hip pain from 
lumbosacral pain. To avoid stress on the hip joints during  the lordosis the pelvic limbs may 
be supported in a flexed position while applying downward pressure. Also, traction or 
extension of the tail and palpation of the ventral aspect of the lumbosacral joint per rectum are 
methods that aid in detection of lumbosacral pain. Neurological signs in dogs with DLSS may 
be motor, sensory and/or autonomous in nature and depend on which nerves of the cauda 
equina are involved and the etiology of the compromise. Usually, more than one nerve root is 
affected but even dysfunction of a single root may result in clinical signs. In addition, the 
same nerve root may be compressed or strechted at different levels rendering identification of 
the specific site of compression within the cauda equina difficult (Gödde and Steffen, 2007). 
In more severe cases, the deficits are lower motor neuron in nature. If the lesion involves the 
sciatic nerve roots (L6-S2) clinical signs include muscle atrophy of the gluteal and hamstring 
muscle groups, paraparesis, reduced flexor reflex and exaggerated patella-reflex 
(pseudohyperreflexia) and altered skin sensation over the associated dermatomes. A reduced 
flexor reflex is often evident by decreased flexion of the hock while adduction in the hip is 
normal. Lesions restricted to the seventh lumbar or the first sacral nerve root oftentimes 
present as lameness only and, thus, strongly mimic presence of an orthopaedic etiology. 
Neurological signs are rarely observed if only one of these roots is affected as they innervate 
the same myotomes and reduced conduction of nerve impulses in one root may be 
compensated with the intact nerve root (Fletcher, 1970). Dysfunction of the pudendal nerve 
roots (S1-3) results in a decreased perineal reflex and perineal skin sensation, reduced anal 
and urethral sphincter tone. Involvement of the parasymathic fibers of the pelvic nerve results 
in atony of the urinary bladder and reduced sphincter tone. Caudal nerve root lesions (Cd1-5) 
frequently cause weak tail tone, paresis or plegia, reduced tail sensation or paraesthesia of the 
tail (De Risio et al., 2000). 
As to the natural history of DLSS, episodes of  pain may be followed by pain-free periods in 
less severely affected animals. However, DLSS progresses with some clinical signs and 
radiographic parameters changing significantly with time (Steffen et al., 2007). 
 
Differential Diagnosis 
 
Clinical signs of cauda equina involvement may be due to several diseases including DLSS. 
Also, in some dogs with DLSS, clinical signs are not obvious upon examination making even 
the neuroanatomical localization difficult. Therefore, differential diagnosis for pelvic limb 
dysfunction and lameness must first include only all other causes of CES as well as diseases 
outside the lumbosacral joint. Neurological disorders such as degenerative myelopathie (lower 
motor neuron form), lumbar disk herniation and neuromuscular disorders may be the most 
difficult to differentiate from DLSS. Intramedullary spinal cord infarction at the 
thoracolumbar level has been described to result in decreased reflexes in the pelvic limb and 
tail which may erroneously result in a wrong neuroanatomical localization (De Risio et al.; 
2008). This is should be considered especially in dogs in which these lower motor neuron 
signs are not accompanied by reproducible lumbosacral pain.  
A number of orthopaedic problems such as diseases of the coxofemoral and stifle joint 
warrant careful attention, especially as they may occur concurrently with DLSS.  
Urogenital problems such as incontinence or dysuria may both be associated with CES but 
also a number of medical disorders need to be ruled out first. Likewise, dermatologic 
disorders affecting the perineum, pelvic limbs and tail may be a manifestation of CES as well 
as a sequela of primary skin disease.  
 
Diagnostic imaging 
 
Imaging abnormmalities are crucial for a diagnosis of DLSS. The role of an imaging test is (1) 
to provide accurate morphologic information and (2) influence diagnostic decision making. 
Both CT and MRI are now the gold-standards for providing accurate morphological 
information due to their sensitivity and ability to provide transverse views, and they are used 
to document the degree, location and anatomical cause of lumbosacral disease.  
Conventional radiography including contrast studies compared to advanced imaging 
procedures provides substantially less morphological information than CT and MRI mainly 
due to its inability to show soft tissue and intraforaminal abnormalities. However, radiography 
is oftentimes still the first step to rule out other diseases associated with CES and will remain 
an important instrument in the work-up of DLSS patients due to the high cost and sometimes 
low availability of advanced imaging methods.  
 
Biplanar survey radiography 
Radiograpic signs of DLSS include narrowing of the intervertebral disk space, end plate 
sclerosis, and spondylosis deformans at the lumbosacral junction . However, none of these 
signs is specific and none correlate well with clinical signs (Wright, 1980; Morgan, 1990; 
Schmid and Lang, 1993; Scharf,  2004). Similarily, dynamic survey radiographs made with 
the lumbosacral spine in extended and flexed position and measures of instability have not 
always correlated well with clinical signs (Matoon, 1993; Schmid and Lang, 1993). In a 
recent prospective study in a cohort of working GSDs with normal lumbosacral anatomy, 
survey radiographs were also not able to identify dogs which would develop DLSS (Steffen et 
al., 2007).  
The main indication to take survey radiographs are, therefore, to diagnose other causes of 
CES (vertebral fractures, discospondylitis, vertebral neoplasia etc) and to identify conditions 
which may predispose a dog for development of DLSS such as transitional lumbosacral 
vertebral segments and osteochondrosis dissecans of the endplate of S1 or L7 (Flückiger et al, 
2006; Lang et al. 1992). 
 
Myelography 
Myelography is useful in the assessment of stenotic lesions in the lumbar spinal canal. DLSS 
can be detected when the dural sac extends into the sacrum, which is observed in 80% of dogs 
with DLSS (Lang, 1988). Myelography is not diagnostic when the dural sac ends cranial to 
the lumbosacral junction, when the sac is elevated from the vertebral floor or the compressive 
lesion is located in the lateral recess or the intervertebral foramen (De Risio, 2000). The 
diagnostic sensitivity of myelography may be enhanced by using flexion-extension 
myelography of the lumbosacral junction (Lang, 1988). Myelography is a semi-invasive 
procedure that may result also in undesired side effects such as postmyelographic seizures, 
life threatening and debilitating injuries to the spinal cord and non-diagnostic studies due to 
subarachnoidal swellings or artificial leakage of contrast medium into the epidural space. 
 Epidurography 
Injection of contrast medium into the epidural space via the dorsal lumbosacral foramen or, 
preferably, via the sacro-coccygeal foramen is useful in the evaluation of the lumbosacral 
region. Positive correlations between 78 and 93% between abnormal epidurographic signs and 
compressive lesions found at surgery have been reported (Barthez et al., 1994; Selcer, 1988).  
The main advantage of epidurography over myelography is its lower risk for adverse effects. 
Flexed and extended views of the lumbosacral may as well accentuate a compressive lesion. 
Incomplete filling of the epidural space and leakage out of the lateral openings may result in 
non-diagnostic studies. Epidurography may be used after a non-diagnostic myelographic 
study without any negative side-effects. 
 
Discography 
The diagnostic accuracy of discography was calculated to be 87%; if used in combination 
with epidurography an accuracy rate of 89% has been reported (Sisson et al., 1992). The 
technique is easy to perform and provides information about the degeneration of the disc (and 
particularly lateralized protrusions) when more than 0.3 ml of contrast medium can be 
injected into the nucleus pulposus. None or only a very small amount can be injected in an 
intact nucleus. Discography does not detect nerve root compressions other than those caused 
by disc protrusions.  
 
Computed tomography 
CT is a non-invasive radiographic technique that provides cross-sectional images. CT is 
superior in evaluation of structures that cannot be visualized completely with conventional 
radiography (i.e. soft tissues,  lateral recesses, intervertebral foramen, articular processes). 
Bone detail is provided with more accuracy than that obtained with MRI. Normal anatomy of 
the canine lumbosacral articulation as well as abnormalities in dogs with DLSS have been 
described (Jones et al, 1995; Jones et al. 1996). Abnormalities found on CT include loss of 
epidural fat, increased soft tissue opacity, bulging of the intervertebral disc, spondylosis, 
narrowed intervertebral foramen and vertebral canal, thickened articular facets and articular 
facet subluxation.  
 
 
 
Magnetic resonance imaging 
MRI is the gold standard for evaluation of the lumbosacral region in humans and, more than 
likely, in dogs too, mainly because its ability to provide excellent soft tissue contrast. 
Therefore, it appears to be superior for detecting spinal stenosis caused by soft tissue 
proliferation and for recognizing early disk degeneration (Adams et al., 1995; Ramirez et al., 
1998; Mayhew et al.; 2002; Suwangkong et al., 2006). According to flexion-extension 
myelography, dynamic MRI studies of the lumbosacral spine may further enhance the 
sensitivity in detecting DLSS and aid in the definition of the type of compression, i.e. 
dynamic versus static compression (fig. 4).  
 
                                                                           
A       B 
Figure 4. Midsaggital MRI studies (T2W, 1.5 Tesla) of the lumbosacral spine of a six year-old GSD 
with difficulties jumping and lumbosacral pain. With the spine in flexion (A), there is no stenosis of the 
lumbosacral spinal canal. With the spine in extension (B), there is protrusion of the lumbosacral disk 
causing stenosis of the spinal canal > 50%. Additional abnormal findings include degeneration of the 
lumbosacral disk, ventral spondylosis deformans and a transitional lumbosacral segment.  
 
No study so far has been shown to be able to predict the severity of clinical signs or to 
improve clinical outcomes based on the imaging modality used (Jones et al., 2000). Therefore, 
the benefit of MRI over other diagnostic imaging modalities remains controversial until 
additional information gained from comparative studies have proven otherwise. 
 
Importance of imaging findings 
Any imaging study looking at the natural history of DLSS, prognostic value of imaging or its 
effect on therapeutic decision making will be confounded by the high incidence of 
morphologic changes in the asymptomatic population of dogs. A screening evaluation in 57 
working German Shepherd Dogs revealed radiographic abnormalities of the lumbosacral 
junction in 18 dogs without clinical signs (Scharf et al., 2004). These findings were not only 
nonpredictive at the moment, but also prospectively over a 3.5 year follow-up period (Steffen 
et al., 2007). Similar observations have been made in humans with lower back pain over a 7 
year follow-up period, where MRI was not predictive of the development or duration of 
clinical signs (Borenstein et. al., 2001). Therefore, from a clinical perspective, any effort, 
including electrophysiological evaluation, has to be made to relate imaging findings to those 
of the clinical examination. Whenever possible, they should be associated to the highest 
possible degree in order to provide necessary information for treatment and best outcome. 
 
 
 
Electrodiagnostic Studies in Dogs with DLSS 
 
Electromyography (EMG) of the pelvic limb, tail and pelvic diaphragm myotomes is a tool 
for mapping the distribution of denervation in dogs with DLSS and may help in sorting out 
dogs with orthopaedic diseases that may mimic DLSS (Sisson et al., 1992). However, since  
pain alone be a sign of DLSS, the absence of EMG abnormalities does not rule out the 
presence of the disorder (Adams et al., 1995).   
Somatosensory evoked potentials (SEP) elicited by stimulation of the tibial nerve have 
revealed prolonged latencies in dogs with DLSS compared to that in control dogs (Meij et al., 
2006). This method is thought to be more sensitive than EMG examination and may be used 
in the future to confirm the lateralization of cauda equina compression, to monitor the 
recovery of nerve function after treatment and to determine the prognostic value of therapy in 
relation to outcome.  
 
Treatment 
 
Due to the complex and yet unresolved pathophysiology of DLSS there is unlikely a single 
best answer to therapy. Consequently, a variety of therapies have been suggested but choice 
among these treatments frequently depends on the surgeon’s personal experience rather than 
on evidence-based criteria. 
 
Non-surgical treatment 
 
Both non-steroidal and steroidal antinflammatory drugs have been used in the medical 
treatment of dogs with DLSS. Rest or restricted activity is recommended as well as weight 
loss in obese dogs. There is scant evidence about the success of this treatment. One study 
reports a good outcome in 8 of 16 dogs treated conservatively within an observation period of 
14 weeks while the other 8 animals did not respond to therapy (Denny et al., 1982). Six 
working GSD’s with minor degrees of DLSS were reported to respond satisfactorily to 
conservative management over a period of 3 years (Steffen et al., 2007).  
So far, there is no study that has evaluated the effects of physiotherapeutic exercises in dogs 
with DLSS. 
In the author’s experience, a majority of cases with DLSS are likely to have clinical signs 
recur following episodes of increased activity. In contrast, the success of surgical therapy to 
treat DLSS is well-documented. 
  
Surgical treatment 
 
Cases which do not respond to medical treatment and those with neurological deficits are best 
treated by means of surgery. The initial goal of the surgical procedure is to decompress the 
nerve roots of the cauda equina. Other authors advocate additional distracting and stabilizing 
procedures of the lumbosacral articulation in order to halt degenerative alterations and to 
optimize long term surgical success. As a consequence, a variety of surgical techniques have 
been described but there is still a lack of comparative studies that would provide the evidence 
necessary to make the best surgical recommendations for the individual patient.  
 
Decompressive techniques 
 
Dorsal laminectomy is the most widely used surgical technique to decompress the cauda 
equina. Some authors describe removal of at least half of the roof of L7 and most of the 
sacrum (Danielsson and Sjöström, 1999), while others have performed only a limited 
laminectomy of S1 and removal of the ligamentum flavum with similar clinical results 
(Kinzel et al., 2004). The articular facets are preserved if possible, as they are important for 
maintenance of rotational stability (Sharp, 2005). After retraction of the cauda equina nerve 
roots the lumbosacral canal can be inspected for presence of compressive lesions. Bony 
and/or ligamentous proliferations may subsequently removed by excision (Chambers et al, 
1988). The most common finding in DLSS is a protruded (Hansen Typ II) intervertebral disk 
and, therefore, partial discectomy (dorsal annulectomy,  nuclear curettage) is oftentimes 
combined with dorsal laminectomy. The rationale behind partial discectomy is to release 
ventral compression and/or kinking of the cauda equina nerve roots. Experimental work in 
dogs demonstrates some potential risks of this technique. McMarron et al (Spine, 1987) have 
induced inflammation of nerve by placing autogenous nucleus pulposus in the epidural space 
of dogs. Similarily, incision of the annulus fibrosus has induced morphological, functional 
and histological changes in nerve roots of a dog model (Kayama et al., 1996). Despite these 
potential complications, importance of these findings in clinical cases is not known.   A 
clinical study comparing dogs with dorsal laminectomy alone to those with concurrent partial 
diskectomy did not reveal any differences between the outcomes of the two groups (Janssens 
et al., 2000). Success rates after dorsal laminectomy have been reported not to vary widely 
between  several studies with exception of one investigation in military working dogs by Linn 
et al. (2003) were outcome was clearly less favourable (Table 1). 
 
Table 1. Success rate in dogs with DLSS treated with dorsal decompression and/or 
partial discectomy 
 
outcome % Number of dogs Follow-up  
79 (normal function) 
21 (improved function) 
131 26 months+/- 17 Danielsson and 
Sjöström, 1999 
41 (normal function) 
38 (improved function) 
20 (no improvement) 
 
29 (military working 
dogs) 
33 months +/- 42 Linn et al., 2003 
83 (improved function) 
21 (no improvement) 
105 19 months  Suwangkong et al., 
2007 
38 (excellent) 
40 (improved) 
22 (no improvement) 
 
69 53 months De Risio et al., 2001 
96 (improved function) 86  Kinzel et al., 2004 
 
 
While compressive lesions of the cauda equina within the lumbosacral canal can be 
adequately addressed by dorsal decompressive techniques, compressive radiculopathy of the 
seventh lumbar nerve root(s) requires a different approach. Unrecognized or untreated 
foraminal stenosis is an important cause of persisting postsurgical pain and “failed back 
surgery syndrome” in humans and needs to be specifically addressed to achieve good surgical 
outcomes (Fritsch et al., 1996; Maher et al., 1999). Several surgical methods have been 
described to approach compressions within the lumbosacral foramen. Total facetectomy has 
been described to successfully decompress the 7th lumbar nerve root in 15/15 dogs treated by 
this method; however, many patients in this study were of small breed which are likely to 
tolerate destabilisation of their spine (Tarvin and Prata, 1980). A total of 9/11 larger breeds 
that were treated with facetectomy have been reported to improve but were often left with 
recurring or persisting signs (Denny et al, 1982; Watt, 1991; Ness 1994). Nowadays, total 
facetectomy is no longer recommended because of its potential to destabilize the lumbosacral 
articulation (Sharp, 2005; Chambers 1997).  Alternatively, a laterally directed fenestration of 
the intervertebral disk from a dorsal approach and medial foraminotomy has been described 
by several authors (Danielsson and Sjötström, 1999; Sharp, 2005; Chambers et al., 1997). 
Interestingly, while seemingly the solution for decreasing the incidence of destabilization of 
the spine when the technique was performed in 12 dogs, there was no difference in outcome 
compared to 15 dogs in which laminectomy alone was performed (de Risio, 2001). Other 
disadvantages of this technique include the inability to reach lateral lesions within the middle 
and exit zone of the foramen and the observation that the majority of lesions in the peripheral 
foraminal zones are osteophytes and soft tissues proliferations further questioning the 
therapeutic value of removing disc tissue. Therefore, we have developed a new 
decompressive technique that enabled us to reach middle and exit zones of the foramen from a 
lateral direction (Gödde and Steffen, 2007). This approach was used as a stand alone 
technique or in combination with dorsal decompression and the outcome was good to 
excellent in 19/20 cases over a mean follow-up period of 15 months. We have concluded, that 
lateral foraminotomy represents an important expansion of the neurosurgical repertoire for 
decompressive techniques in the lumbosacral articulation (fig. 5).  
 
 
 
Fig. 5. Dorsolateral lumbosacral foraminotomy in a dog with unilateral compression of the 7th lumbar 
nerve root, intraoperative photograph. The foraminotomy has been started at the level of the 
transverse process of L7 (T) and was then continued in a caudal direction. 
Reported recurrence rates in dogs that were treated with decompressive techniques vary 
widely with highly active working dogs having the greatest risk for recurrence of clinical 
signs (Linn et al., 2003). One likely explanation for this observation is that working dogs 
stress an operated lumbosacral joint beyond its limits.  
 
Stabilizing techniques 
Similar to the situation in human patients, the indications for instrumented stabilization in 
degenerative conditions of the lumbosacral spine are still not clear in dogs and choices are 
more or less based upon a surgeon’s beliefs and experiences. To date, some arguments and 
facts support the use of stabilizing procedures in addition to decompressive techniques: 
• Force plate analysis of dogs with DLSS showed that impaired propulsion of the pelvic 
limbs increased after decompressive surgery, but normal propulsion was not reached. 
Additional support of the lumbosacral joint may improve propulsive force (Van 
Klaveren et al., 2005). 
• Dynamic imaging studies of the lumbosacral articulation demonstrate not only a high 
mobility of the joint but also that the compression is worse in most dogs with DLSS 
when it is in extended position compared with a flexed position (Lang, 1988). 
Considering this fact it may be beneficial to limit or eliminate joint movements and, 
thus, to decrease the potential risk of persisting dynamic compression of the cauda 
equina.  
• Dorsal laminectomy and discectomy does not cause significant spinal instability in 
flexion and extension load force in normal cadaver lumbosacral specimens (Meji et 
al., 2007; Smith et al., 2004). However, cyclic flexion-extension loads after 
diskectomy may increase range of motion (ROM), leading to spinal instability even if 
ROM does not increase immediately after surgery. Thus, degenerative changes may 
develop, which, after initial improvement, result in worsening caudal lumbar pain in 
the long term.  (Kuroki et al., 2004; fig. 6).  
 
The main concerns against stabilizing the lumbosacral joint include problems related to 
implant failure and the fact that a stabilized and fused spinal segment seems to shunt 
excessive stresses to adjacent segments producing a “domino-lesion” (also known as adjacent 
segment disease). However, this complication has not yet been reported in dogs with DLSS. 
 
 
   
A     B    C 
Fig. 6. MRI (T2W) of a 11 year-old GSD that had dorsal laminectomy 3 years previously and was now 
presented with a 4 week history of low back bain , non-weight bearing lameness on the left pelvic limb 
and marked muscle atrophy of the myotomes of the left sciatic nerve. 
The sagittal image (A) shows spondylosis deformans (SD), a disk protrusion with stenosis of the spinal 
canal, deviation of the cauda equina and a laminectomy membrane/fibrous scar tissue (LM) at the site 
of the previous surgery. The transverse image taken at the level of S1 (B) shows the laminectomy 
membrane and a synovial cyst arising from the right facet joint. The transverse image taken at the 
level of the lumbosacral intervertebral foramen (C) shows absence of the fat signal in all foraminal 
zones due to foraminal stenosis (FS) at the left (L).  
 
Several stabilization techniques in dogs with DLSS have been reported, including cross pin 
fixation (Slocum and Devine, 1986), transarticular screw fixation combined with dorsal 
laminectomy (Bagley, 2003), fixation and fusion using pedicle screws fixed with a bone 
cement bridge (Sharp, 2005) and pedicle screw-rod fixation (Méheust, 2000; Meij et al., 
2007).  
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Fig. 7.  Postoperative ventrodorsal radiographs of three German Shepherd Dogs with different 
techniques of lumbosacral stabilisation. A) transarticular screws through the lumbosacral facet joints 
(Bagley, 2003). B) Bilateral pedicle screw fixed with bone cement bridges (Sharp, 2005) and C) 
Unilateral pedicle screw and bone cement fixation combined with transarticular screws through both 
lumbosacral facet joints. (Kyung et al., 2000). One year postoperatively, alls dogs ambulated normally 
and were pain-free. 
 
Considering that the center of rotation at the lumbosacral articulation is located near the 
endplate of L7 and the disk stabilizing procedures at the level of the facet joint seem to 
provide potentially less stability than procedures that stabilize the joint at the level of the 
vertebral bodies. A cadaveric study using pedicle screw-rod fixation found that this technique 
effectively stabilizes the lumbosacral spine (Meij et al., 2007).  However, it is not clear if 
complete stabilization is superior over partial stabilization of the lumbosacral joint. This is 
illustrated by a comparison of the available clinical data. All dogs in one study using facet 
joint stabilization (n=8) and all dogs in a study using pedicle-screws and rods (n=5) were 
reported to have good long-term outcome (Slocum, 1986; Méheust, 2000). In another report, 
treatment of 9 military working dogs using pedicle-screws and rods was initially successful in 
8/9 animals, but later on 4/9 had recurrence of pain at the lumbosacral spine that precluded 
further duty. (Carpenter et al., 2006).This limited number of case studies is not valid to allow 
definitive statements about the success rate of each method but it indicates that the golden 
bullet for treating DLSS, especially in dogs with high physical performance, does not yet 
exist.  
Controlled, randomized studies that compare outcomes in dogs that have been treated with 
stabilizing techniques and decompression alone have not been published. In humans, one 
study reported better results after fusion procedures than after decompression alone (Fox et 
al., 1996). Conversely, a large meta-analysis of all available data in people found that fusion 
did not improve outcome and was associated with a higher complication rate (Gibson et al., 
2002).  
Due to lack of evidence-based studies in veterinary lumbosacral surgery it is not possible to 
determine the benefit and risks of decompressive versus stabilizing procedures at present. 
Therefore, how best to treat DLSS surgically is debatable and the technique of choice for the 
various degrees of severity of DLSS remains to be established. 
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LUMBOSACRAL TRANSITIONAL VERTEBRAE IN DOGS: CLASSIFICATION,
PREVALENCE, AND ASSOCIATION WITH SACROILIAC MORPHOLOGY
NATASCHA DAMUR-DJURIC, FRANK STEFFEN, MICHAEL HA¨SSIG, JOE P. MORGAN, MARK A. FLU¨CKIGER
The prevalence of lumbosacral transitional vertebrae (LTV) was determined by reviewing the pelvic radiographs
of 4000 medium- and large-breed dogs of 144 breeds routinely screened for canine hip dysplasia. An LTV was
seen in 138 (3.5%) dogs. The prevalence was higher in German Shepherd dogs and Greater Swiss Mountain
dogs than in the other breeds, suggesting a genetic predisposition. There was no gender predisposition. The
transverse processes of the LTV were divided into three types based on their morphological characteristics:
lumbar type or type 1; intermediate type or type 2; and sacral type or type 3. In a symmetric LTV, both
transverse processes are of the same type, while in an asymmetric LTV they are not. The frequency of
occurrence of symmetric and asymmetric LTV was similar. In symmetric LTV, intermediate-type transverse
processes predominated. Most of the asymmetric LTV had an intermediate-type transverse process combined
with a lumbar or sacral type, respectively. Highly asymmetric LTV were often angled relative to the adjacent
vertebrae. We hypothesize that an LTV is not the result of transformation of a lumbar into a sacral vertebra or
vice versa, but rather is an autonomous intermediate type of vertebra. It occurs when the point of contact of the
pelvis with the vertebral column is slightly cranial or caudal to its normal position. The resulting formative
stimulus on the vertebral ossiﬁcation centers, sagittally still separated, causes the various morphologies seen in
LTV including the asymmetric variations. Veterinary Radiology & Ultrasound, Vol. 47, No. 1, 2006, pp 32–38.
Key words: breed, dog, incidence, lumbosacral transitional vertebrae, lumbosacral transitional segment,
sacroiliac joint.
Introduction
A TRANSITIONAL VERTEBRA IS an abnormally formedvertebra, located between vertebral sections in vari-
ous species.1,2 It frequently occurs between the last normal
lumbar vertebra and the ﬁrst normal sacral vertebra,3
where it is referred to as a lumbosacral transitional verte-
bra (LTV) or a lumbosacral transitional segment. It is a
congenital anomaly and has morphological characteristics
of both a lumbar and a sacral vertebra.1–5
Normal dogs have seven lumbar vertebrae, all separated
by intervertebral discs, a complete intervertebral disc be-
tween L7 and the sacrum, no contact between the trans-
verse processes of L7 and the sacrum or the ilia, no
rotation of L7, sacrum, or pelvis over either their vertical
or sagittal axes (Fig. 1). A vertebra develops out of three
primary ossiﬁcation centers: one for the body and two for
the neural arches.10,12 The normal sacrum consists of three
fused vertebrae. Their spinous processes are fused as well
to form the median sacral crest, and there are no interver-
tebral discs. The ﬁrst and second sacral vertebrae have an
additional pair of symmetric ossiﬁcation centers, which
develop into the ventral parts of the wings of the sacrum.
The dorsal portions of the sacral wings correspond to the
transverse processes, which develop from the paired ossi-
ﬁcation centers out of the neural arches.10,12 The wings of
the sacrum articulate with the ilia. The sacroiliac joints are
of the same length on both sides.19
The morphology of an LTV varies, particularly its
transverse processes, which may be those of true transverse
processes that are not attached to the ilia or sacrum or may
be transverse processes that are partially or completely at-
tached to the sacrum and/or the ilia.1,6–11 An LTV is
asymmetric when the transverse processes have a different
morphology. Variations in the shape of the vertebral body
are less common.3,9,10,12 One or both ventral centers for the
sacral wings may be absent or partially or completely de-
veloped. When absent, lumbar-type transverse processes
develop, whereas with a partially or completely developed
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ventral ossiﬁcation center, an intermediate or sacral-like
transverse process forms.10,12,20 As intermediate and sacral
transverse processes are probably composed structures rath-
er than true transverse processes,10,12 the term lateral process
or wing would be more appropriate than transverse process.
However, the term transverse process instead of lateral
process is better known and is used throughout this paper.
An LTV may be clinically relevant and in German
Shepherd dogs it may favor the development of a cauda
equina syndrome.13 An LTV may also affect the sacroiliac
attachment1,14 and, when asymmetric, can result in rota-
tion of the pelvis over the long or vertical axis with sub-
sequent uneven hip joint development.11,15,16
The prevalence of LTV in various breeds of dogs is re-
ported to vary from 0% to 22.0% (Table 1). There is no
predilection with respect to gender or body size.1,7,10,11,17 A
hereditary predisposition appears likely based on the dif-
fering prevalence among breeds.13,14,17
The goal of this retrospective study was to determine the
prevalence and morphological features of LTV and their
association with morphological features of the sacrum and
the sacroiliac attachment in a large sample of dogs in
Switzerland.
Materials and Methods
Pelvic radiographs of 4000 medium- and large-breed
dogs, which were screened for hip dysplasia by the hip
screening committee of the University Zurich, Switzerland
between 1996 and 1998, were used. There were 1813
(45.3%) males and 2187 (54.7%) females. The dogs ranged
in age from 6 months to 8 years (median 1.5 years). For
each dog, there were two ventrodorsal radiographs of the
pelvis: one with the pelvic limbs extended (standard OFA/
FCI type of positioning) and abducted (frog leg type of
positioning) in the other. The prevalence of LTV was de-
termined individually in 22 breeds with a minimum of 50
dogs per breed. The remaining 122 breeds with less than 50
dogs per breed were classiﬁed as ‘‘other breeds.’’
A diagnosis of an LTV was based on morphological
ﬁndings seen on the radiographs. One or a combination
of the following morphological features were necessary to
support the diagnosis: (1) a spinous process of the ﬁrst sacral
vertebra separated from the median sacral crest, (2) incom-
Fig. 1. Ventrodorsal projection of the lumbosacral area in a normal dog
with the pelvic limbs extended. The last lumbar vertebra is correctly formed
and oriented. Its transverse processes have a regular shape, are not in contact
with the ilia, and are pointing in the craniolateral direction. The three spin-
ous processes of the sacral vertebrae are fused forming the median sacral
crest. The orientation of the vertebrae is straight. There is a minimal dif-
ference in the length of the sacroiliac attachments.
Table 1. Prevalence of LTV in Various Breeds of Dogs (Literature
Review, 50 or More Dogs Per Breed)
Breed Number of Dogs (n) LTV (n) LTV (%)
Airedale Terrier9,10 448 7 1.6
Alaskan Malamute9,10 90 4 4.4
Bernese Mountain dog21 1588 182 11.5
Bobtail9,10 624 44 7.1
Brittany Spaniel7 643 38 6.0
Chow–Chow11 55 9 16.4
Ventrodorsal projection only 44 8 18.2
Cocker Spaniel9,10 1315 56 4.3
Collie11 71 6 8.5
Ventrodorsal projection only 49 6 12.5
Dachshund11 1034 113 11.0
Ventrodorsal projection only 424 74 17.5
Dobermann Pinscher7 487 18 3.7
Dobermann Pinscher11 62 12 19.4
Ventrodorsal projection only 43 11 25.6
German Boxer9,10 3300 167 5.1
German Boxer21 2444 184 7.5
German Boxer11 174 12 6.9
Ventrodorsal projection only 141 10 7.1
German Shepherd dog9,10 5682 632 11.1
German Shepherd dog7 2596 111 4.3
German Shepherd dog11 974 152 15.6
Ventrodorsal projection only 759 116 15.3
German Shepherd dog15 247 19 7.7
German Shepherd dog13 161 33 20.5
German Wirehair Pointer 11 69 7 10.1
Ventrodorsal projection only 57 6 10.5
Golden Retriever7 2613 20 0.8
Golden Retriever6 50 11 22.0
Great Dane11 52 5 9.6
Ventrodorsal projection only 46 5 10.9
Labrador Retriever7 2735 49 1.8
Labrador Retriever17 1018 37 3.6
Leonberger9,10 479 32 6.7
Miniature Schnauzer11 69 7 10.1
Ventrodorsal projection only 37 7 18.9
Poodle11 350 29 8.3
Ventrodorsal projection only 205 21 10.2
Rhodesian Ridgeback7 191 15 7.9
Rottweiler11 69 0 0
Ventrodorsal projection only 59 0 0
Rottweiler6 50 2 4.0
Saint Bernhard21 334 28 8.4
Samoyed9,10 73 4 5.5
Siberian Husky7 1020 7 0.7
Siberian Husky9,10 486 19 3.9
Yorkshire Terrier11 230 15 6.5
Ventrodorsal projection only 139 8 5.8
LTV, lumbosacral transitional vertebrae.
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plete formation of the disc immediately cranial to the sac-
rum characterized by narrowing of the disc space, (3) ob-
vious morphological variation of the transverse processes of
the last presacral vertebra, (4) asymmetric formation of the
transverse processes of the last presacral vertebra, (5) con-
tact between the ilium and one or both transverse processes
of the last presacral vertebra, (6) rotation of the last pre-
sacral vertebra over its vertical axis, (7) rotation of the sac-
rum over its vertical axis, or (8) variations in the length or
position of the sacroiliac attachment. For comparison, the
normal lumbosacral anatomy is shown in Fig. 1.
The transverse processes of an LTV were divided into
three types depending on their attachment to the ilium:
Type 1 is the lumbar type with no attachment to the sac-
rum or ilium. It is either a normal lumbar transverse proc-
ess, or it is shorter and wider based and the tip may be
deformed and point in the cranial, lateral, or even the ca-
udolateral direction (Fig. 2). Type 2 is an intermediate
type. Its base is shorter and wider than in type 1, while its
tip is narrower. It is partially attached to the ilium and
often to the sacrum but the tip always remains free (Figs. 2
and 3). Type 3 is the sacral type, which is a complete sacral
process. It shows the characteristics of a sacral wing and
has a broad attachment to the ilium and often to the wing
of the sacrum. There is no free tip (Fig. 4). A neural for-
amen may be visible as a cleft or hole between the trans-
verse process and the sacral wing. Slight differences in the
morphology of the transverse processes within the same
type were not subdivided further. Thus, there are six pos-
sible morphological classes of LTV depending on the char-
acteristics of the transverse processes. Symmetric LTV
have identical-type transverse processes: type 1, type 2, or
type 3, respectively, on both sides (Fig. 3), while asymmet-
ric ones have different-type transverse processes: type 1 on
the right side and type 2 on the left side (1/2) or vice versa
(2/1), 1/3 or 3/1, and 2/3 or 3/2, respectively (Figs. 2 and 4).
The rotation of the LTV and/or sacrum over the vertical
axis was determined. Deviation of the cranial end of the
vertebra deﬁned the direction. The length of the sacroiliac
attachment was also determined. The reference points for
measuring the length could not always be determined ac-
curately so that only an arbitrarily chosen difference of
42mm between the left and right side was considered as
asymmetric (Figs. 2 and 4).
Statistical analysis of the data was carried out using the w2 test
and ANOVA. P values  0.05 were considered significant.
Fig. 2. Ventrodorsal projection of the lumbosacral area in a dog with the
pelvic limbs extended. There is an asymmetric lumbosacral transitional ver-
tebra. The transverse process on the right is short, but not in contact with the
ilium (type 1), while the one on the left is broad based, pointing in the lateral
direction and has partial contact with the ilium (type 2). Only two fused
spinous processes of the sacral vertebrae are visible, suggesting that the
sacrum consists of only two vertebrae. The right sacroiliac attachment is
longer than the left one.
Fig. 3. Ventrodorsal projection of the lumbosacral area in a dog with the
pelvic limbs abducted. There is a symmetric lumbosacral transitional ver-
tebra. Both transverse processes are broad based and have partial contact
with the ilia, while their tips remain free (type 2). The length of the sacroiliac
attachment is identical on both sides, but the one on the left side is slightly
more caudal than the one on the right side. Spondylotic osteophytes are
noted between the last true lumbar and the transitional vertebra.
StatView 5.0; SAS Institute Inc., Cary, NC, USA.
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Results
An LTV was noted in 138 (3.5%) of the 4000 dogs, 66
(48%) in males and 72 (52%) in females. In the 3862 non-
affected dogs, there were 1746 (45.2%) males and 2116
(54.8%) females. Thus, there was no association between
gender and the occurrence of LTV.
The prevalence of LTV varied from 0% to 9.4% be-
tween breeds with 50 or more dogs per breed (Table 2). It
was significantly lower in Golden retrievers and Labrador
retrievers and significantly higher in German Shepherd
dogs and Greater Swiss Mountain dogs on comparing each
of these breeds with all others combined (all Po0.01). In
the Shar-Pei, prevalence reached 19.2%, but the number of
examined dogs was only 26.
The morphology of the lumbosacral anatomy was highly
variable, and the following radiographic ﬁndings occurred
alone or in combination (from cranial to caudal): abnormal
shape and size of one or both transverse processes of the
LTV; variable length of attachment of one or both trans-
verse processes with the ilium and/or the sacrum; rotation
of the LTV; narrow and/or asymmetric intervertebral space
cranial to the sacrum; variable number of sacral vertebrae;
separated ﬁrst sacral spinous process from the median sac-
ral crest; and variable length and position of the sacroiliac
attachment.
Symmetric LTV were seen in 49% of the affected dogs;
types 2/2 and 3/3 accounted for 43% of the total number
of dogs with LTV. Asymmetric LTV were observed in 51%
of the affected dogs; types 1/2 and 2/1 accounted for 24%
of the total number of dogs with LTV (Table 3).
There was a significant association between the mor-
phology of an LTV and the length of the sacroiliac at-
tachment (Table 4). The lengths of the sacroiliac
attachments were the same on each side in 82% of the
dogs with a symmetric LTV. When an asymmetric LTV
was noted, these lengths were equal on both sides in 50%
of the dogs. When the lengths were not equal, the sacroiliac
attachment was shorter on the side where the transverse
process of the LTV had a longer contact zone with the
pelvis as seen in types 2 and 3 transverse processes (Fig. 2).
There was a significant association between the mor-
phology and the rotation of the LTV over its vertical axis
(Table 5). Of the symmetric LTV, only 15% were rotated
while 49% of the asymmetric ones were rotated, and 85%
of these were rotated toward the side where the contact
zone between transverse process and the pelvis was longer
as seen in types 2 and 3 transverse processes (Fig. 2).
There was a significant association between the rotation
of the LTV and the length of the sacroiliac attachment
(Table 6). The sacroiliac attachments were of the same
length in 69 of 94 (73%) LTV that were not rotated and in
22 of 44 (50%) LTV that were rotated. In the rotated ones,
19 of 22 (86%) sacroiliac attachments were shorter on the
side to which the LTV were rotated (Fig. 2).
A weak but significant association was found between
the type of LTV and the rotation of the sacrum (Table 7).
The sacrum was rotated in 19% of the symmetric and in
46% of the asymmetric LTV. The rotation occurred some-
Fig. 4. Ventrodorsal projection of the lumbosacral area in a dog with the
pelvic limbs abducted. There is an asymmetric lumbosacral transitional ver-
tebra, which is slightly rotated to the right. The transverse process on the left
is normal (type 1), while the one on the right is fully attached to the ilium and
sacrum. There is no free tip (type 3). The sacrum has only two fused spinous
processes. The presacral intervertebral disc space is narrow and uneven in
width. The sacroiliac attachment is longer on the left side but the total
attachment between the spine and the ilium is longer on the right side.
Table 2. LTV Prevalence in 4000 Dogs of Different Breeds in Switzerland
(50 or More Dogs Per Breed)
Breed
Number
of Dogs
Examined
Number
of Dogs
with LTV
Dogs with
LTV (%) P
Tervueren 55 0 0.0
Appenzell Mountain dog 50 0 0.0
Golden Retriever 244 1 0.4 o0.01
Flat-coated Retriever 107 1 0.9
Saint Bernhard 87 1 1.1
Rottweiler 87 1 1.1
Malinois 78 1 1.3
Airedale Terrier 72 1 1.4
Bernese Mountain dog 214 3 1.4
Siberian Husky 68 1 1.5
Labrador Retriever 263 4 1.5 o0.01
Newfoundland 87 2 2.3
Boxer dog 76 2 2.6
Leonberger 96 3 3.1
Border Collie 64 2 3.1
Berger de Brie 57 2 3.5
Eurasier 55 2 3.6
Hovawart 97 4 4.1
Other breeds (n o50/breed) 1279 56 4.4
Great Dane 60 3 5.0
White Swiss Shepherd dog 54 3 5.6
German Shepherd dog 684 39 5.7 o0.01
Greater Swiss Mountain dog 64 6 9.4 o0.01
All dogs of all breeds 4000 138 3.5
LTV, lumbosacral transitional vertebrae.
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what more commonly toward the side where the contact
zone between the transverse process of the LTV and the
sacrum was shorter (Fig. 4). The orientation of the rotation
was not significantly associated with a type of LTV.
Discussion
An LTV is routinely observed on pelvic radiographs.
The prevalence is reported to be dependent on breed (Table
1). Most data have been obtained from ventrodorsal views
of the pelvis with the pelvic limbs extended in pure-bred
dogs, which were evaluated for hip dysplasia. Some data,
however, originate from dogs with a cauda equina syn-
drome. This has probably resulted in an increased preva-
lence of LTV reported, as LTV may favor the development
of a cauda equina syndrome.13 Data derived from a few
studies that included laterolateral pelvic radiographs may
have yielded higher ﬁgures, as a rudimentary intervertebral
space between an LTV and the sacrum can be seen better in
laterolateral projection.1,3,5,8,11,13,14,18 Regarding our two
ventrodorsal views we observed that the lumbosacral in-
tervertebral space is more easily identiﬁed on the views
with the pelvic limbs abducted rather than extended, there-
by improving identiﬁcation of an LTV.
In the present study, the prevalence of LTV was 3.5% on
average. German Shepherd dogs were significantly over-
represented (5.7%) compared with the remaining popula-
tion. This is in agreement with published reports, in which
the prevalence in German Shepherd dogs is reported to be
as high as 20.5%1,6,7,9–11,13,15,18, suggesting a genetic dis-
position.13 Greater Swiss Mountain dogs, a rare breed
outside of Switzerland, also had a significantly higher
prevalence of LTV, reaching 9.4%. Great Danes and
White Swiss Shepherd dogs (formerly called Canadian or
White Shepherd dogs) scored high as well at 5.0% and
5.6%, respectively. However, in these breeds the numbers
of examined dogs were small, rendering no significant dif-
ferences to the rest of the dogs. LTV was not seen in the
Appenzell Mountain dog or Belgian Tervueren, a ﬁnding
that further supports the assumption of a genetic predis-
position.
There is no apparent gender predisposition to LTV,1,7
although some authors have reported a higher prevalence
in females10,17 or in males.11 We did not detect a gender
predisposition, or a right or left preponderance of the dif-
ferent types of transverse processes.
There are usually seven lumbar vertebrae in the dog. A
few dogs have eight lumbar vertebrae. We assumed this to
be clinically irrelevant as long as the morphology of the last
lumbar vertebra and its attachment to the sacrum are nor-
mal and the sacrum is composed of three vertebrae. For
this reason, we considered it to be negligible for this study
that the entire lumbar vertebral column was not examined
radiographically to determine the number of presacral ver-
tebrae.
An LTV has the morphological characteristics of both a
lumbar and a sacral vertebra. Particularly striking in our
study was the variation in the shape, length, and width of
the transverse processes and their attachment to the ilia.
Table 3. Combinations of Types of Transverse Processes in 138 Dogs
with LTV
Type of Transverse
Process (Right/Left) n n (%)
Symmetric 68 49.3
2/2 38 27.5
3/3 21 15.2
1/1 9 6.5
Asymmetric 70 50.7
1/2 or 2/1 33 23.9
2/3 or 3/2 22 15.9
1/3 or 3/1 15 10.8
Total 138 100.0
LTV, lumbosacral transitional vertebrae.
Table 4. Association Between the Type of LTV and the Length of the
Sacroiliac Attachment (Po0.001)
Type of LTV
(Right/Left)
Sacroiliac
Attachment of
Equal Length on
Both Sides
Sacroiliac
Attachment
Shorter on
the Right Side
Sacroiliac
Attachment
Shorter on
the Left Side
Total
LTV (n)
1/1, 2/2, 3/3 56 4 8 68
1/2, 1/3, 2/3 19 0 14 33
2/1, 3/1, 3/2 16 18 3 37
Total 91 22 25 138
LTV, lumbosacral transitional vertebrae.
Table 5. Association Between the Type and the Rotation of LTV
(Po0.001)
Type of LTV
(Right/Left)
No. of
Rotation
of LTV
LTV Rotated
to the Right
LTV Rotated
to the Left
Total
LTV (n)
1/1, 2/2, 3/3 58 2 8 68
1/2, 1/3, 2/3 18 2 13 33
2/1, 3/1, 3/2 18 16 3 37
Total 94 20 24 138
LTV, lumbosacral transitional vertebrae.
Table 6. Association Between the Rotation of LTV and the Length of the
Sacroiliac Attachment (Po0.001)
Rotation of LTV
Sacroiliac
Attachment
Equal Length
on Both Sides
Sacroiliac
Attachment
Longer on
the Right Side
Sacroiliac
Attachment
Longer on
the Left Side
Total
LTV (n)
Not rotated 69 15 10 94
Rotated to the right 9 1 10 20
Rotated to the left 13 9 2 24
Total 91 25 22 138
LTV, lumbosacral transitional vertebrae.
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Therefore, we characterized the LTV based on the shape of
their transverse processes and their attachment to the ilia.
We did not use the terms lumbarization and sacralizat-
ion for the LTV3,7,9–11,13 because they appear not to reﬂect
the true process of LTV formation. We assume that an
LTV does not result from the transformation of a lumbar
vertebra into a sacral vertebra or the converse; instead it is
considered an intermediate type of vertebra. We suspect
that the pelvis contacts the vertebrae slightly cranially or
caudally to the point where it would during development
normally. Consequently, the formative stimulus to the ad-
jacent vertebrae affects the development of the transverse
processes. If the pelvis contacts the spine slightly obliquely,
the formative stimulus to the left and right sides of the
vertebrae will differ. This may explain the numerous mor-
phological variations of LTV, especially those that are
asymmetric. This hypothesis regarding the origin of an
LTV was introduced almost 100 years ago.10,20 A com-
pletely different hypothesis for the development of an LTV
would be the concept of a modulation in the expression of
Cdx and Hox genes as proven experimentally in the mouse
and Drosophila, and described as homeotic transforma-
tion.22 We were unable to ﬁnd any information proposing
the existence of such a mode in the dog.
An LTV may be symmetric or asymmetric, and the fre-
quencies of both were similar in the present study. Of the
symmetric LTV, type 2/2 dominated. Of the asymmetric
LTV, most were combinations of type 2, while types 1/3
and 3/1 were seen less commonly (Table 3). These ﬁgures
substantiate Rosenberger’s hypothesis of LTV formation.20
The pelvis normally contacts the vertebrae at the same level
on both sides so that the formative stimulus is identical on
both sides. Accordingly, highly different transverse proc-
esses, e.g. types 1/3 and 3/1, would occur only when one
contact point is markedly displaced.
Rotation of the LTV over the vertical axis was noted in
only 15% of the symmetric LTV, however, in 50% of the
asymmetric LTV, particularly in those that had one lum-
bar-like transverse process. Rotation was common toward
the side where the transverse process had a longer contact
zone with the ilium. Apparently, the LTV is oriented
somewhat caudally on the side where it assumes the func-
tion of a sacral vertebra. This observation too is in agree-
ment with the prior hypothesis.20
There is a relationship between the type of LTV and the
type of sacroiliac attachment. Symmetric sacroiliac attach-
ment was seen in 79% of dogs with a symmetric LTV but
in only 43% of dogs with an asymmetric LTV. The true
sacroiliac attachment was more often shortened on the side
where the transverse process of the LTV was completely or
partially attached to the ilium. In accordance with the
proposed hypothesis, this was very obvious in the extreme-
ly asymmetric types 1/3 and 3/1 LTV. As the sacral trans-
verse process of an LTV assumes a part of the sacroiliac
attachment, the caudally adjoining true sacroiliac attach-
ment decreases in length. However, the total length of the
contact zone between the spine and the ilium may be longer
in dogs with an asymmetric LTV.
In the dogs with an LTV, the sacrum was composed of
two or three completely fused vertebrae. Rotation of the
sacrum was noted in 19% of dogs with a symmetric LTV
and in 46% of dogs with an asymmetric LTV. This rota-
tion occurred somewhat more frequently toward the side
on which the transverse process of the LTV has less contact
with the ilium. As a type 2 or 3 transverse process of an
LTV tends to fuse with the wing of the sacrum, caudal
displacement and a resulting rotation of the sacrum toward
the opposite side are noted.
Our results indicate that morphological variations of the
sacroiliac attachment are common, particularly in dogs
with markedly asymmetric LTV. In addition, rotation of
asymmetric LTV and sacrum is common. The role of these
anomalies in the promotion of disc degeneration leading to
a cauda equina syndrome or in differences in hip joint
conformation will be investigated further.
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A LUMBOSACRAL TRANSITIONAL VERTEBRA IN THE DOG PREDISPOSES
TO CAUDA EQUINA SYNDROME
MARK A. FLU¨CKIGER, NATASCHA DAMUR-DJURIC, MICHAEL HA¨SSIG, JOE P. MORGAN, FRANK STEFFEN
The association between the occurrence of a lumbosacral transitional vertebra (LTV) and the cauda equina
syndrome (CES) in dogs was investigated. In 4000 control dogs without signs of CES, 3.5% had an LTV, while
in 92 dogs with CES, 16.3% had an LTV. The lesion causing CES always occurred between the last true
lumbar vertebra and the LTV. Dogs with an LTV were eight times more likely to develop CES than dogs
without an LTV. German Shepherd dogs were eight times more likely to develop CES compared with other
breeds. Male dogs were twice as likely to develop CES than females. Dogs with an LTV develop CES 1–2 years
earlier than dogs without an LTV. Veterinary Radiology & Ultrasound, Vol. 47, No. 1, 2006, pp 39–44.
Key words: breed, cauda equina syndrome, dog, gender, incidence, Lumbosacral transitional vertebrae.
Introduction
A LUMBOSACRAL TRANSITIONAL VERTEBRA (LTV) is anabnormally formed vertebra between the last normal
lumbar vertebra and the ﬁrst normal sacral vertebra.1 It is
a congenital anomaly, which occurs in various species of
animals and in humans.1–7. It has a highly variable mor-
phology2,5,6,8–12 with characteristics typical of a lumbar
and a sacral vertebra.1 Often, the transverse processes and
vertebral body are malformed.1,2,10,11,13 An LTV can be
characterized based on the morphology of the transverse
processes,2 which vary in length and width and may be
partially or completely fused with the pelvis and/or sacrum.
The transverse processes of a symmetric LTV are identical
or similary while those that are asymmetric differ mark-
edly. LTV are often seen in combination with variations in
the length of the sacroiliac attachment.2 They may remain
in alignment with the adjacent vertebrae or may be devi-
ated to the right or to the left. Asymmetric sacroiliac at-
tachments and deviation are noted more frequently with
asymmetric LTV.2,4,5 Examples of a normal lumbosacral
junction and of LTV are shown (Figs. 1–3).
Up to 22% of dogs studied have LTV, depending on
the breed and the population examined.2,3,5,8–12,14–16 There
is no gender predisposition.2,5,9,10,12,17 LTV occur more
frequently in German Shepherd dogs than in other
breeds.2,3,5,8,10–12,14,16
The cauda equina syndrome (CES) results from a com-
pression of the cauda equina.18 The most common cause is
a narrowing of the lumbosacral vertebral canal because of
disc disease or ligamentous hypertrophy.19 LTV has been
associated with lumbosacral disc degeneration at an early
age.20 In the German Shepherd dog, LTV has been re-
ported to predispose to CES3,4,9,20 (Fig. 3).
The goals of this retrospective study were to investigate
the relation between an LTV and the occurrence of CES,
and to determine factors predisposing dogs to CES.
Materials and Methods
The medical records of all dogs that were diagnosed with
CES at the Section of Neurology, Department of Small
Animal Clinics, University of Zu¨rich between 1996 and
1998 were analyzed. Dogs with lumbosacral lesions attrib-
utable to neoplasia, trauma, or discospondylitis were ex-
cluded. A total of 92 dogs were identiﬁed. Either a
myelogram or epidurogram had been performed on each
dog, and laterolateral radiographs of the lumbosacral re-
gion with the pelvic limbs ﬂexed, extended, and in a neutral
position and a ventrodorsal radiograph with the pelvic
limbs extended had been made.
All dogs had at least of one of the following clinical
signs: (1) lumbosacral pain elicited either when hyperex-
tending the tail or by palpation of the lumbosacral area; (2)
lameness, paresis, or paralysis of one or both pelvic limbs;
(3) proprioceptive deficits of one or both pelvic limbs; (4)
hypotrophy of the gluteal and/or semitendinosus and
semimembranosus muscles in one or both pelvic limbs;
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(5) reduced or absent ﬂexor reﬂex of one or both pelvic
limbs; (6) reduced perineal reﬂex; (7) reduced tail tone; and
(8) urinary and/or fecal incontinence.
A diagnosis of CES was based on the presence of static
or dynamic narrowing of the vertebral canal at the level of
the intervertebral disc space between the last lumbar ver-
tebra and the LTV noted during myelography and/or
epidurography. In the study, only ﬁndings on the ventro-
dorsal radiographs were used to correspond with the ra-
diographic projection used in the control group.
The control group consisted of 4000 dogs that were
evaluated radiographically for hip dysplasia as part of a
breeding program between 1996 and 1998. For each dog,
two ventrodorsal radiographs were taken of the pelvis with
the pelvic limbs extended (standard OFA/FCI type of po-
sitioning) in one and abducted (frog leg type of position-
ing) in the other. There were 1813 males and 2187 females,
which ranged in age from 6 months to 8 years (medi-
an¼ 1.5 years). As radiographs of these dogs were made
only for breeding suitability, the dogs had not been exam-
ined neurologically, but none had abnormal clinical signs
according to the owners. The frequency of LTV in this
control group has been published previously.2
Fig. 1. Normal lumbosacral anatomy. The transverse processes of L7 are
free; the three spinous processes of the sacral vertebrae are fused. The
lumbosacral disc is complete and symmetric. The orientation of the vertebrae
is straight. The length and position of the sacroiliac contact are identical on
either side. The width of the iliac wings is identical.
Fig. 2. German Shepherd dog with an asymmetric lumbosacral transi-
tional vertebra (LTV). There is a sacral-like transverse process on the right
and a lumbar-like transverse process on the left. The sacrum consists of only
2 fused sacral vertebrae. The intervertebral disc space between the LTV and
the sacrum is malformed and narrower on the right. LTV and sacrum are
malaligned. Also note the different length and position of the sacroiliac
contact.
Fig. 3. German Shepherd dog with a symmetric lumbosacral transitional
vertebra (LTV) and intermediate types of transverse processes. Both
transverse processes contact the ilia while their tips remain free. Myelo-
graphy demonstrates dural end sac compression (A) and deviation (B) to the
right cranial to the LTV, a sign of cauda equina syndrome.
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The transverse processes of an LTV were divided into
three types depending on their attachment to the ilium:2
Type 1 is the lumbar type with no attachment to the sac-
rum or ilium. It is either a normal lumbar transverse proc-
ess, or it is shorter and wider based and the tip may be
deformed and may point in any direction. Type 2 is an
intermediate type. Its base is shorter and wider than that in
type 1. It is partially attached to the ilium and often to the
sacrum but the tip remains always free. Type 3 is the sacral
type, which is a complete sacral wing with a broad attach-
ment to the ilium and often to the wing of the sacrum.
There is no free tip. Slight differences in the morphology of
the transverse processes within the same type were not
subdivided further. Symmetric LTV have transverse proc-
esses judged to be morphologically similar or identical bi-
laterally; asymmetric LTV have dissimilar transverse
processes.
Statistical analysis of the data was performed using the
w2 test (Fisher’s exact test for groups of less than 5) and
analysis of variance (ANOVA). P-values  0.05 were
considered significant. Multivariate logistic regression
analysis was performed to estimate the relationship be-
tween the occurrence of an LTV, German Shepherd dog
breed, age, gender, and the risk of CES. It was assumed
that the prevalence of CES in control dogs was less than
5%; thus, any effect of an undiagnosed CES in control
dogs on the results was considered negligible.
Results
Of the 92 dogs with CES, 37 (40%) were German Shep-
herd dogs (26 males and 11 females), and 55 (60%) were
non-German Shepherd dogs (39 males and 16 females)
(Table 1). In the control group of 4000 dogs representing
143 breeds, 684 (17.1%) were German Shepherd dogs (358
(52.3%) males and 326 (47.7%) females) and 3316 (82.9%)
were non-German Shepherd dogs (1512 (45.3%) males and
1814 (54.7%) females).2 Thus, the percentages of German
Shepherd dogs and of male dogs were significantly higher
in the CES group than in the control group (Table 2).
In the CES group 15 dogs (16.3%) had an LTV (Table
2), while 138 (3.5%) had an LTV in the control group.2
Thus, the percentage of dogs with an LTV was significantly
higher in the CES group than in the control group.
Of the control dogs without LTV, 45.2% were males and
54.8% females, while of those with LTV, 47.8% were males
and 52.2% females, indicating no association between gen-
der and the occurrence of LTV.2 In the CES group, LTV
was three times as common in females as in males com-
pared with the control group, where the ratio was balanced
(Table 2). Based on the multivariate logistic regression
analysis, it was not the gender but the presence of an LTV
that raised the risk for CES (Table 3). These results are
based on the 15 dogs with an LTV out of the group of 92
dogs with CES.
In the CES group, the ratio of German Shepherd dogs
with LTV (18.9%) to the ratio of non-German Shepherd
dogs with LTV (14.5%) was lower than in the control
group, where this ratio was 5.7/3.0 (Table 2). Thus, it ap-
pears that an LTV is the stronger determinant for the de-
velopment of CES than the German Shepherd dog breed.
Table 1. Prevalence and Gender Distribution of LTV in Dogs with CES
Breed
Number of
CES Dogs
Without LTV
(Ratio Male/
Female)
Number of
CES Dogs
with LTV
(Ratio Male/
Female)
Total
Number
of CES
Dogs (Ratio
Male/Female)
German Shepherd dog 30 (24 M/6 F) 7 (4 M/3 F) 37 (28 M/9 F)
Mixed-breed 8 2 10
Bernese Mountain dog 9 0 9
Labrador Retriever 1 2 3
Great Dane 3 0 3
German Boxer 3 0 3
Hovawart 1 1 2
Golden Retriever 0 1 1
Borsoi 0 1 1
Miniature Schnauzer 0 1 1
17 other breeds 22 0 22
Total 77 (59 M/18 F) 15 (6 M/9 F) 92 (65 M/27 F)
CES, cauda equina syndrome; LTV, lumbosacral transitional vertebra.
Table 2. Features with a Significantly Different Occurrence in Control
Dogs and Dogs with CES
Feature
Control
Dogs (%)
(n¼ 4000)
Dogs with
CES (%)
(n¼ 92) P
Males 45.3 70.7 o0.01
Females 54.7 29.3 o0.01
LTV 3.5 16.3 o0.01
Males with LTV 3.6 9.2 o0.05
Females with LTV 3.3 33.3 o0.01
German Shepherd dogs 17.1 40.2 o0.01
Non-German Shepherd dogs 82.9 59.8 o0.01
German Shepherd dogs with LTV 5.7 18.9 o0.05
Non-German Shepherd dogs with LTV 3.0 14.5 o0.01
CES, cauda equina syndrome; LTV, lumbosacral transitional vertebra.
Table 3. Odds Ratios for Risk Factors Associated with CES (Regression
Analysis)
Risk Factor P
Odds Ratio
(OR)
95% Conﬁdence
Interval for OR
LTV o0.01 8.4 3.7–18.9
Breed (German Shepherd dog) o0.01 8.3 4.5–15.6
Young age o0.01 2.8 2.5–3.2
Male o0.05 2.1 1.1–3.9StatView 5.0, SAS Institute AG, Bru¨ttisellen, Switzerland.
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The age of the dogs with CES varied from 2 to 14 years
(median¼ 6.0 years). The mean age of the CES dogs with
an LTV was 4.8  2.8 (SD) years, while CES dogs without
an LTV were 6.4  3.3 (SD) years old. In other words,
among the dogs with CES, those with LTV were affected
1.6 years earlier than those without LTV. The difference
was significant (Po0.01, Table 3).
In the control dogs, the ratio between symmetric and
asymmetric LTV was balanced (49/51%) (Table 4). Of
the dogs with CES and LTV, 87% had symmetric LTV
(Table 5). Therefore, symmetric LTV seemed to favor CES
(Po0.01).
The odds ratios for risk factors associated with CES
were determined by multivariate logistic regression analy-
sis, and were the highest for dogs with LTV and for Ger-
man Shepherd dogs, followed by dogs with LTV that were
affected at an earlier age than those without LTV
and males that had a higher risk for CES than females
(Table 3).
Discussion
The frequency of LTV may have been underestimated in
both groups as only ventrodorsal radiographs were analy-
zed for the presence of LTV. In particular, symmetric type
1 LTV may have been overlooked. The nature of the at-
tachment of the transverse processes with the ilia made
precise assignment difﬁcult. However, the error should
have been equal in both groups and therefore should not
affect our results.
Males were affected more often by CES than females.
This may be because male dogs have a faster growth rate
and larger body weight and are used more frequently as
working dogs.18,21,22 Also, German Shepherd dogs were
affected more often by CES compared with all other
breeds, which has been reported previously.3,4,18,19,21 Caus-
ative factors may be premature degeneration of the inter-
vertebral disc23,24 and malarticulation–malformation of the
lumbosacral junction combined with dysplasia of the ar-
ticular processes of the vertebrae.25
The highest odds ratios for risk factors associated with
CES were an eightfold increase for LTV and the breed
German Shepherd dog respectively, and a threefold in-
crease for early age and two fold increase for male dogs,
respectively (Table 3). In the group of dogs with CES, the
ratio of LTV in females was 10 times higher than in the
control group, while in males it was only 2.5 times higher.
In addition, female dogs outbalanced male dogs in the
group of dogs with CES and LTV. These results indicate a
higher susceptibility of females with LTV to CES. How-
ever, based on regression analysis it was not the female
gender but the presence of an LTV that raised the risk for
CES. In fact, the risk of males developing CES was twice as
high as that of females. It should be noted however that
our results are based on only 15 dogs with CES and LTV.
German Shepherd dogs have an increased risk for LTV,
as shown by many authors. German Shepherd dogs also
have an increased risk for CES, based on the results in this
study and as suggested in the literature. As in the control
group, the ratio of German Shepherd dogs with LTV
compared with non-German Shepherd dogs with LTV was
higher than in the CES group; it appears that LTV is a
stronger determinant for the development of CES than the
German Shepherd dog breed.
Dogs with LTV develop CES at a significantly younger
age. It would appear that LTV accelerates the degeneration
of the disc cranial to the LTV or that the disc itself is dys-
plastic and therefore is prone to premature degeneration.
When assessing the power of the various risk factors
tested by regression analysis, the odds ratios clearly allow
the conclusion that both LTV and the German Shepherd
dog breed strongly favor the development of CES, while
male gender has only a weak promotive inﬂuence. This
result is in contrast to previously published reports that
claim being male as a major factor for CES.18,21
In control dogs, the number of symmetric and asym-
metric LTV was virtually equal, while in the dogs with CES
87% of the LTV were symmetric, significantly outnum-
bering the asymmetric ones. This is contrary to other re-
sults. It has been stated that the sacroiliac attachment in
dogs with asymmetric LTV is often abnormally developed
and therefore less stable, causing greater stress on the disc
between the last lumbar vertebra and the LTV.4 Our results
did not support this hypothesis. It seems, however, that the
morphology of the transverse processes plays an important
role in the development of CES. Based on our ﬁndings, we
Table 4. Groups of LTV Based on the Combination of Transverse
Processes, Control Dogs
Types of Transverse
Processes (Right/Left)
Number
of Dogs %
Cumulative %
of Dogs
2/2 38 27.5 27.5
3/3 21 15.2 42.8
1/1 9 6.5 49.3
1/2 or 2/1 33 23.9 73.2
2/3 or 3/2 22 15.9 89.1
1/3 or 3/1 15 10.8 100.0
Total 138 100.0 100.0
LTV, lumbosacral transitional vertebra.
Table 5. Groups of LTV Based on the Combination of Transverse
Processes, CES Dogs
Types of Transverse
Processes (Right/Left)
Number
of Dogs %
Cumulative
% of Dogs
2/2 12 80.0 80.0
3/3 1 6.7 86.7
1/2 or 2/1 2 13.3 100.0
Total 15 100.0 100.0
CES, cauda equina syndrome; LTV, lumbosacral transitional vertebra.
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cannot explain why symmetric LTV predominate in the
CES group and why asymmetric ones seem to interfere less
with the physiologic function of the lumbosacral spine.
Although there is a statistically significant difference, our
result is based on the analysis of only 15 dogs with CES
and LTV and must be interpreted with caution.
Dogs with LTV were more common in the CES
group than in the control group. We assume that LTV
reduces the range of motion at the LS junction. This
may cause increased stress and range of motion between
the last true lumbar vertebra and the LTV, thus hastening
the degeneration of this disc. This may explain the pre-
ponderance of type 2 transverse processes in dogs with
CES, as these processes have contact with the pelvis
and may limit the range of motion at the LS disc. Again
we cannot explain the small number of dogs seen with
LTV type 3 transverse processes, which are also attached to
the ilium.
The mobility of the normal lumbar vertebral column in
the dog is greatest at the lumbosacral disc.26 Based on a
kinematic study of the lumbosacral vertebrae, the mobility
and distribution of force in the lumbosacral joints of dogs
with LTV were abnormal. In dogs without LTV, rotation
dominated in the lumbosacral joint over translation. In
contrast, in dogs with LTV, translation was more domi-
nant between the last lumbar vertebra and the LTV.26 This
leads to additional shearing forces and possibly damage to
the disc and ligaments, which could help explain the in-
creased frequency of CES in dogs with LTV.27 Our results
support this notion because in all 15 dogs with LTV, com-
pression of the cauda equina occurred between the last
normal lumbar vertebra and the LTV.
Increased stress and premature degeneration of the disc,
vertebral joint, and ligaments between the last lumbar ver-
tebra and the LTV are of concern and have been inves-
tigated. In humans, pathologic changes of the disc between
the last lumbar vertebra and the LTV occurs nine times
more frequently than between other lumbar vertebrae.7
The mobility of the LTV is limited because of its contact
with the pelvis, and the disc caudal to the LTV is narrower
than normal and incompletely developed.28 Histologically,
this disc often consists only of ﬁbrous material and con-
tains no or only a small amount of nuclear material.7,26,29
Because of this, the disc between the lumbar vertebra and
LTV undergoes excessive stress, while the disc between the
LTV and the sacrum remains protected. Thus, disc pro-
trusion between the LTV and sacrum is rarely seen.25 In
our study, there was no radiographic evidence of disc pa-
thology between the LTV and the ﬁrst normal sacral ver-
tebra in dogs with CES.
A genetic predisposition to LTV has been suggested.2
Therefore, affected dogs should not be used for breeding
purposes.3,4,17 Dogs with LTV have a higher frequency of
CES and our results indicate that they develop CES ap-
proximately 1.5 years earlier than dogs without LTV.
Thus, expensive and time-consuming training is not rec-
ommended in German Shepherd dogs with LTV because
these dogs are at greater risk of CES.
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CHAPTER 5 
 
 
 
 
 
 
 
Asymmetrical, Transitional, Lumbosacral
Vertebral Segments in Six Dogs: A
Characteristic Spinal Syndrome
Clinical findings in six dogs with asymmetrical, transitional, lumbosacral vertebral segments are
reported. All dogs exhibited low back pain and varying degrees of asymmetrical cauda equina
dysfunction. Results of myelography, epidurography, and magnetic resonance imaging (MRI)
indicated a unilateral disk protrusion in all dogs. In the dogs with MRIs, focal degenerative alter-
ations in the vertebral end plates and adjacent body of the vertebra were detected. All dogs
were treated with a dorsal laminectomy or hemilaminectomy. Results following surgery were
good or excellent in all six dogs. J Am Anim Hosp Assoc 2004;40:338-344.
Frank Steffen, Dr.med.vet.,
Diplomate ECVN
Markus Berger, Dr.med.
Joe P. Morgan, DVM, Vet.med.Dr.
Introduction
At the junction of the major divisions of the vertebral column, a single
vertebra (vertebral segment) may assume characteristics typical of either
division. The anomalous vertebra has been referred to as a “transitional
segment.”1 While first thought to have no clinical importance, transition-
al lumbosacral vertebral anomalies have recently been implicated as a
cause of cauda equina syndrome in the dog.2-4 The first description of
premature degeneration and subsequent weakening of the lumbosacral
disk in anomalous, transitional, lumbosacral vertebrae occurred in
humans in 1933.5 Although the anomalous segment can often be identi-
fied with plain radiography in dogs, extension-flexion myelography,
diskography, or epidurography is needed to further clarify the presence of
the vertebral canal stenosis.1,6-9 Magnetic resonance imaging (MRI) has
also proven to be extremely useful for imaging this area.10-12
Not all anomalous vertebral segments are asymmetrical; however,
asymmetrical vertebrae have transverse processes that vary in size and
shape, thereby markedly altering the sacroiliac attachments. Usually the
lumbosacral transitional segment is the first sacral vertebra.4 Previously
little attention was directed toward the specific influence that these asym-
metrical segments had on the clinical presentation of cauda equina syn-
drome. It is the purpose of this report to describe the neurological,
imaging, and intraoperative findings in six dogs with asymmetrical, tran-
sitional, lumbosacral vertebral segments.
Materials and Methods
Six dogs with clinical signs of cauda equina syndrome associated with
abnormal, transitional, lumbosacral vertebrae that were referred to the
Veterinary Hospital at the University of Zurich between November 2000
and March 2002 were included in this study.
Each dog had survey radiography performed of the entire spine in both
lateral and ventrodorsal projections. The dogs were premedicated with
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338 JOURNAL of the American Animal Hospital Association
From the Department of Small Animals,
Section of Small Animal Surgery/Neurology
(Steffen) and Section of Diagnostic Imaging
and Radio-Oncology (Morgan),
University of Zurich,
Winterthurerstrasse 260,
CH-8057 Zurich, Switzerland;
and the Swiss Center for Paraplegics,
Institute for Diagnostic Radiology (Berger),
CH-6207 Nottwil, Switzerland.
medetomidinea (0.1 mg/kg intravenously [IV]) and butor-
phanolb (0.2 mg/kg IV), induced with propofolc (4 mg/kg
IV), and maintained under general anesthesia with isoflu-
raned in oxygen. Myelography was performed in three dogs
following cisternal puncture using iotrolanee at a dosage of
150 mg/kg. Because the dural sac ended cranial to the lum-
bosacral junction, epidurography using the same contrast
agent was performed in one dog (case no. 6) through a
sacrococcygeal injection site. The amount of contrast agent
used in this last dog was 3 g.
Magnetic resonance imaging of the lumbosacral junc-
tion was performed in three dogs using a 1.5 Tesla scannerf
with a spine array coil. The MRIs were obtained with the
dogs under general anesthesia and positioned in dorsal
recumbency with the pelvic limbs in slight caudal exten-
sion. Standard fast spin echo sequences were used for all
MRIs. Sagittal T2-weighted images (TR [repetition time]
3720 to 4000 ms, TE [echo time] 108 to 123 ms, field of
view [FOV] 300 to 320 mm, slice thickness 2 mm, 2 to 3
acquisitions) and sagittal T1-weighted images (TR 550 to
672, TE 12 to 15, FOV 240 to 320 mm, slice thickness 2
mm, 1 to 4 acquisitions) were obtained in all animals.
Dorsal plane images were obtained as T1-weighted (TR
400 to 621, TE 14 to 24, FOV 300 to 320 mm, slice thick-
ness 2 mm, 2 to 3 acquisitions) in all dogs. Axial images
were obtained in planes parallel to the intervertebral disk
space and were T2-weighted in all cases (TR 4000 to 6360,
TE 110 to 120, FOV 180 to 220 mm, slice thickness 2 mm,
3 to 4 acquisitions).
Surgery was performed in all dogs to decompress the
cauda equina. The intraoperative findings were correlated
with the findings of the diagnostic imaging procedures. All
dogs were rechecked 3 weeks after surgery and were fol-
lowed for 6 to 24 months by telephone contact with the
owners. An excellent postoperative outcome was defined
as complete resolution of clinical signs after surgery. A
good outcome was defined as resolution of clinical signs
while at rest, but residual or recurring episodes of pain
during periods of intense activity, such as jumping. A poor
outcome was defined as no improvement in clinical signs
after surgery.
Results
Clinical Data
There were five males and one female dog included in the
study. The mean age of the dogs was 4.3 years (range, 2 to
7 years). Breeds affected included four German shepherd
dogs and two border collies.
At presentation, the dogs showed one or more of the fol-
lowing signs: low back pain (based on history and physical
examination), lameness or root signature of one hind limb,
and tail paresis. Neurological deficits varied in the dogs [see
Table]. All dogs had received nonsteroidal or steroidal anti-
inflammatory drugs for various times prior to presentation.
Clinical signs had improved in some dogs during adminis-
tration of these medications, but signs recurred after cessa-
tion of the drugs in every case.
Survey Radiography
The appearance of the transitional lumbosacral vertebral seg-
ment was similar in all dogs. On the ventrodorsal view,
marked asymmetry in the pelvic attachment of the anomalous
segment was found. The transitional vertebra was character-
ized by a large, flat process on one side that appeared to be
solidly fused with the ilium, and a thin, lumbar-like transverse
process on the contralateral side. The thin lateral process had
no ilial attachment [Figure 1]. On the lateral radiograph,
angulation of the floor of the vertebral canal of the anomalous
segment was found, when compared to the last normal lum-
bar vertebra. The presence of an additional radiolucent disk
space representing failure of the normal union between the
first and second sacral (S1-S2) segments was an additional
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Figure 1—A ventrodorsal radiograph of the lumbosacral
region of a dog (case no. 3) with an asymmetrical, transi-
tional, lumbosacral vertebral anomaly. The lateral, broader
process on the right side results in a larger sacral attach-
ment, while there is no sacral attachment to the smaller,
“lumbar-like” process on the left side. Separation of the
sacral spinous process is evident. In addition, the ilium is
angled toward the right, causing the tip of the iliac crest to
be positioned further cranially than the right one. Rotation
around the longitudinal axis causes the width of the iliac
wings to be unequal in thickness and the size of the obtu-
rator foramina to be different on both sides. Note that the
caudal aspect of the sacroiliac joint is positioned further
caudally on the left side.
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Table
Clinical Data on Six Dogs With Asymmetrical, Transitional, Lumbosacral Vertebral Segments
Surgical Procedure/
Case Clinical Signs Intraoperative
No. Signalment* and Duration Diagnostic Imaging† Findings Outcome
1 3-y, F German Pain, lameness Radiography: TLSV with Laminectomy/ruptured Excellent
shepherd dog right hind limb, left ilial fusion disk and prolapse in the (sporting dog)
tail paresis; Myelography: unilateral right intervertebral 12 mo postop
1 mo compression of dural foramen
sac L7-S1, right side
2 4-y, M border Pain, lameness Radiography: TLSV with Left hemilaminectomy/ Good; died
collie right hind limb; left ilial fusion ruptured disk in the 6 mo from
6 mo Myelography: unilateral right intervertebral unrelated
compression of dural foramen cause
sac L7-S1, right side
3 6-y, CM Pain, lameness Radiography: TLSV with Laminectomy/disk Good
German right hind limb; left ilial fusion protrusion to the right, 16 mo postop
shepherd dog 6 mo Myelography: dural sac partial annulectomy
ends at L6
Epidurography lateral
view: disk protrusion in
extension >50%
(referring to the width of
the lumbosacral canal)
4 7-y, M German Pain, paretic left Radiography: TLSV with Laminectomy/ Good
shepherd dog hind limb; right ilial fusion disk protrusion to 24 mo postop
10 mo MRI: lateral disk the left,
protrusion, left side; annulectomy
focal sclerosis of end
plate and vertebral body
5 2-y, M German Occasional low Radiography: TLSV with Left hemilaminectomy Good
shepherd dog back pain, right ilial fusion and partial 6 mo postop
lameness left MRI: lateral disk foraminotomy/
hind limb; 6 mo protrusion L7-S1, disk protrusion to
left side; focal sclerosis the left
of end plate and
vertebral body
6 4-y, M border Pain, Radiography: TLSV with Right hemilaminectomy Excellent
collie lameness/root left ilial fusion and partial 6 mo postop
signature right MRI: lateral disk foraminotomy/
hind limb; 2 mo protrusion L7-S1, disk protrusion to
right side; focal sclerosis the right
of end plate and
vertebral body
* F=female; M=male; CM=castrated male
† TLVS=transitional lumbosacral vertebral segment; L7-S1=seventh lumbar to first sacral segment; L6=sixth lumbar vertebral
body; MRI=magnetic resonance imaging
finding in the anomalous segment. The asymmetry of the lat-
eral processes was not visible on the lateral view. All dogs
had evidence of degenerative changes at the junction between
the last lumbar vertebra and the anomalous segment, such as
end-plate sclerosis, narrowing of the disk space, and presence
of reactive bony osteophytes (i.e., spondylosis deformans).
Myelography and Epidurography
Both techniques identified elevation of the contrast column
from a ventrally located extradural mass on the floor of the
vertebral canal in the area of the lumbosacral disk. The mass-
effect caused a compression of the dural sac against the roof
of the sacrum that was more evident when the pelvic limbs
were placed in extension [Figure 2]. Laterality of the
extradural mass could not be determined on the lateral views.
On the ventrodorsal view, the dural sac was displaced toward
the side with the broader ilial attachment [Figure 3].
Magnetic Resonance Imaging
Degeneration of the intervertebral disk at the lumbosacral
level was identified in all three dogs that underwent MRI.
This degeneration was best seen on T2-weighted images in
the sagittal plane and appeared as loss of signal intensity in
the nucleus pulposus. Disk protrusion at this segment was
more prominent on one side in all the dogs. The protrusion
caused a loss of epidural fat and deviation of the cauda
equina dorsally on both the sagittal T1-weighted and T2-
weighted images.
On the transverse T2-weighted images, there was unilater-
al narrowing of the vertebral canal or the intervertebral fora-
men from a disk protrusion at the lumbosacral junction. This
narrowing affected either S1 or the seventh lumbar (L7) verte-
bral body. Hypointense annular tissue attenuated the amount
of epidural fat in the intervertebral foramen [Figure 4].
In dorsal plane T1-weighted images, focal alterations of
the anomalous segment and sacral end plates were identified
[Figure 5]. The focal alterations were more prominent on
one side and consisted of an area of low signal intensity on
T1-weighted images (compared to the intensity of an unaf-
fected body of the vertebra and normal annular tissue). On
T2-weighted sagittal images, the intensity of this altered
area was similar to that of the normal, adjacent end plate.
This focal alteration indicated sclerosis of the end plate and
adjacent bone. In all three dogs, the sclerosis was present on
the same side as the disk protrusion and opposite to the side
with the broadest attachment to the ilium. The end plates
were normal toward the side with the broadest fusion with
the ilium in all three dogs.
Surgery and Outcomes
Surgery was performed in all dogs. With each dog in ventral
recumbency and the lumbosacral joint in flexion, an
approach was made to the dorsal laminae of L7, the transi-
tional vertebral segment, and the sacrum. In three dogs, a
standard dorsal laminectomy was performed, removing the
caudal half of the dorsal lamina of the body of L7 and most
of the lamina of the transitional segment. In the three dogs
that had MRIs, a hemilaminectomy was performed over the
site of compression. The extent of the hemilaminectomy
was from the base of the dorsal process of L7 to the capsule
of the facet joint of the transitional segment. Complete face-
tectomy was not performed in order to preserve stability.
The interarcuate ligament was only partially removed over
the exposed region. 
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Figure 2—A lateral radiograph made during a myelogram
of the lumbosacral region of case no. 1, showing collapse
of the contrast column from a ventrally located extradural
mass-effect. The compression of the dural sac is more evi-
dent with the pelvic limbs placed in extension, which
results in pooling of the contrast agent in the most caudal
part of the dural sac.
Figure 3—A ventrodorsal radiograph made during a mye-
logram of the lumbosacral region of case no. 1, showing
collapse and right displacement of the contrast column.
Caudal pooling of the contrast agent is evident when the
limbs are placed in extension because of complete com-
pression of the dural sac.
During surgery, a unilateral disk protrusion opposite the
large pelvic attachment was confirmed in the three dogs that
had myelography and epidurography, as well as the three
dogs that had MRIs. In all the dogs, the side of protrusion
correlated well with the clinical signs. After retraction of the
nerve roots, the annulus was visualized and excised, sparing
the venous sinuses. In two dogs, an annulectomy at the site
of protrusion was performed using a no. 11 scalpel bladeg
and bone rongeurs. Two other dogs had a ruptured annulus,
and pieces of the annular ring were removed from the spinal
canal. Protrusion of the nucleus pulposus was not noted in
these latter dogs. In all dogs, the L7 and S1 nerve roots were
mobilized with gentle retraction to prevent adhesions in the
intervertebral foramen, and a free autogenous fat graft was
placed in the laminectomy defect. The soft tissues were
apposed in layers by using synthetic absorbable suture
materialh in a simple interrupted pattern. The skin was
closed with nonabsorbable suture materiali using a simple
interrupted pattern.
Follow-up times ranged from 6 to 24 months. Five of the
dogs were still alive at the time of manuscript submission.
Case no. 4 died 6 months after surgery from an unrelated
cause. Outcomes were good (n=4) or excellent (n=2) in all
animals [see Table].
Discussion
The most important finding in this report was the presence
of a unilateral disk protrusion in dogs with asymmetrical,
transitional, lumbosacral vertebral segments. The disk pro-
trusion always occurred on the opposite side from the
broadest fusion of the vertebra with the ilium. Asymmetrical
lesions were suggested in the clinical presentation of all six
dogs based on neurological examination, and in all cases,
asymmetry was confirmed by myelography or MRI and dur-
ing surgery. Asymmetrical disk protrusions have also been
reported in dogs with degenerative lumbosacral stenosis,
and they do not occur exclusively in dogs with transitional
vertebral anomalies.7,13 However, the findings of this report
showed that asymmetrical clinical and radiological lesions
are typical for the condition described here.
Abnormal lumbosacral motion leads to compensatory
skeletal changes, including sclerosis of the lumbosacral end
plate, osteophyte development on the articular facets, hyper-
trophy of the interarcuate ligament and articular facet joint
capsule, and bulging of the dorsal annulus.14 Most of these
abnormalities were detected to varying degrees in the dogs
in this series, but focal sclerosis of the end plates and adja-
cent body of the vertebra was the most consistent similarity
in the dogs evaluated with MRI. Recently, the presence of a
transitional vertebra was found to be useful in the prediction
of painful disk degeneration in humans with low back
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Figure 4—A transverse, T2-weighted magnetic resonance
image at the level of the lumbosacral disk in case no. 5,
demonstrating mediolateral to intraforaminal disk herniation
on the left (black arrowhead). The left recess and foramen
are obliterated, and the dural sac is displaced slightly to
the right. Note the normal appearance of the contralateral
intervertebral foramen (gray arrowhead).
Figure 5—A dorsal plane, T1-weighted magnetic reso-
nance image of the lumbar spine of case no. 5, demon-
strating focal alterations of the end plate and adjacent
vertebral body at the lumbosacral junction. The anomalous
vertebra is broadly attached to the ilium on the right side
(RA). The low signal alterations (dark areas) at the end
plates and adjacent bone are limited to the left half of the
vertebral bodies.
pain.15 The cause of the disk degeneration is not thorough-
ly understood. Recent publications in people suggest that it
may develop as a result of inflammatory alterations within
the disk matrix. In disk specimens that were harvested dur-
ing diskectomy, high levels of interleukin-6 and interleukin-
8 were detected, and it was hypothesized that the high level
of proinflammatory mediators may have indicated the exis-
tence of a specific inflammatory form of disk degeneration.16
Conversely, other investigators are of the opinion that
sclerotic abnormalities precede disk degeneration.17 The
nucleus, as an avascular structure, is highly dependent on
fluid transfer through the microsystem of the end plates of
the vertebral body. Important in the process of disk degen-
eration is the disturbance of this fluid transfer as the end
plate is transformed into a sclerotic barrier. This derange-
ment in fluid transfer results in narrowing of the interverte-
bral space and a dry, immobile nucleus pulposus.17
Simultaneously, parallelization of fibers in the annulus
fibrosus decreases torque resistance and predisposes the
disk to rupture and bulging.17
Dogs with transitional lumbosacral vertebral segments
may have asymmetrical mobility at the lumbosacral junc-
tion. Based on the findings in the study reported here,
degenerative changes were isolated to the side with the
shortest or narrowest sacroiliac attachment. The opposite
side, with the broadest attachment to the ilium, may have
been more rigid, thereby providing more protection against
degenerative processes.
In a published report of dogs with degenerative lum-
bosacral stenosis alone, the average age at presentation was
7 years.12 Although not statistically proven in the present
report, dogs with asymmetrical, transitional, lumbosacral
vertebral segments developed clinical signs earlier than
dogs with degenerative lumbosacral stenosis. This finding
supports the assertion of Morgan, who noted that transition-
al lumbosacral vertebrae predisposed dogs to early disk
degeneration, low back pain, and signs of cauda equina syn-
drome.3 One possible explanation for the earlier occurrence
of cauda equina syndrome in dogs with transitional lum-
bosacral vertebrae may be increased stress on the side that
is poorly attached to the ilium.
Similar to reports on degenerative lumbosacral stenosis,
the German shepherd dog was overrepresented in the study
reported here. German shepherd dogs were affected in 44%
of the cases in a large radiographic study of transitional
lumbosacral vertebrae, and the anomaly was suspected to be
inherited in this breed.4
In the dogs of the present report, outcomes 6 to 24
months after surgery were good to excellent. Although
Daniellson, et al., reported on 12 dogs with transitional lum-
bosacral vertebral segments within a population of 161 dogs
affected with degenerative lumbosacral stenosis, the specif-
ic postoperative outcomes for this subpopulation of dogs
were not provided.18 Based on the limited number of dogs
in the present study, postoperative results were comparable
to the good outcomes reported for dogs with only degener-
ative lumbosacral stenosis.18,19
Conclusion
Lateralized disk herniation on the side of the abnormal
sacroiliac attachment was a typical finding in dogs with
asymmetrical, transitional, lumbosacral vertebral segments.
Diagnosis was achieved with conventional myelography and
epidurography, although MRI provided better characteriza-
tion of the cauda equina compression and the underlying
degenerative alterations. Magnetic resonance imaging also
allowed for a more limited surgical approach to decompress
the nerve roots of the cauda equina. Short-term outcomes
(<24 months) after surgery in this report were good to excel-
lent and were comparable to outcomes for dogs with degen-
erative lumbosacral stenosis.
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Summary
The clinical and radiological incidence of lumbosacral (LS)
disease was studied on 57 German Shepherd dogs (GSDs) used
in active service. The study included a clinical history, a neu-
rological examination, and plain radiographs of the caudal
lumbar vertebrae. The neurological examinations revealed
lower back pain and/or neural deﬁcits in 21 dogs, of which
14 had a history of pain or pelvic gait abnormalities. Radio-
graphic ﬁndings were spondylosis at L7–S1, degeneration of
L7–S1 disc, LS malalignment, transitional LS vertebrae and/or
primary spinal canal stenosis in 15 dogs with neurological
abnormalities and/or back pain and in 18 dogs with no clinical
signs. No correlation between the neurological and the radi-
ographic ﬁndings were found. This study demonstrates that
even prominent radiographic LS abnormalities are of minimal
value in the evaluation of LS disease in the GSD.
Introduction
Canine hip dysplasia (CHD), sacral osteochondrosis (SOC),
primary lumbosacral spinal canal stenosis and transitional
lumbosacral vertebrae (TLSV) are frequently diagnosed in
German Shepherd dogs (Oliver et al., 1978; Tarvin and Prata,
1980; Winkler and Loeﬄer, 1986; Morgan and Bailey, 1990;
Lang et al., 1992; Morgan et al., 1993; De Risio et al., 2000).
These heritable diseases are risk factors for the development of
cauda equina compression syndrome (CES), a term describing
clinical symptoms produced by compression or injury of the
caudal lumbar, sacral and/or coccygeal segments of the spinal
cord and associated nerve roots (Lang et al., 1992; Morgan
et al., 1993; De Risio et al., 2000). Spinal cord diseases and
CES in particular are common causes for early elimination of
dogs in the USA military dog programme (Moore et al., 2001).
Despite this knowledge Swiss police GSDs are rarely examined
radiographically prior to training.
The purpose of the study was to correlate the radiographic
ﬁndings in the LSV and the neurological ﬁndings in working
GSDs.
Materials and Methods
Between February and May 2001, 60 GSDs from a Swiss
police unit were evaluated at the Animal Teaching Hospital of
the University of Zurich. Three dogs with behavioural
problems were excluded from the study. Fifty males
(49 intact/one neutered) and seven females (six intact/one
neutered) ranging in age from 1 to 9 years (mean 4.5 years)
were evaluated. Their body weights ranged between 28 and
45 kg (mean 37 kg). Fifty-two dogs were used as guard dogs
and ﬁve were used as drug dogs.
A clinical history was obtained from the owners or handlers.
A neurological examination was performed by one of the two
neurologists (FS, FG). This examination included the evalu-
ation of posture and gait as well as palpatory manipulation
with focus on hypotrophied musculature, tail and anal tone
and conscious proprioception. Swaying of the back, incoordi-
nated movements of the pelvic limbs, spastic gait (reduced
ﬂexion), dragging of limbs, knuckling of feet and/or scuﬃng of
toe nails are referred to as gait abnormalities in the following.
Pain perception was assessed by hyperextending the tail, by LS
hyperextension and spinal deep palpation. The spinal reﬂexes
including patellar, cranial tibial and withdrawal reﬂex were
evaluated. Dogs with at least one abnormal neurological
ﬁnding were considered as clinically abnormal.
For the radiographic examination, the dogs were sedated
intravenously with a combination of 5–10 lg/kg medetomidine
(Domitor; Dr E. Gra¨ub AG, Berne, Switzerland) and 0.2 mg/
kg butorphanol (Morphasol; Dr E. Gra¨ub AG). Muscle
relaxation was achieved by subsequent intravenous adminis-
tration of propofol (Propofol 1%; Fresenius AG, Sarnen,
Switzerland) to eﬀect. Three digital radiographs (Fuji AC3-
System; Fujiﬁlm AG, Dielsdorf, Switzerland) were taken with
the limbs held in position by sand bags and ropes:
1 A left lateral radiograph centred at LS-junction with femora
perpendicular to the lumbar spine (Morgan, 1993).
2 A ventrodorsal radiograph centred at LS-junction with
femora abducted and the X-ray beam parallel to the LS-
endplates, angled cranially by 7–10 (Morgan, 1993).
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3 A standard hip radiograph with extended limbs (Brass and
Paatsama, 1983).
Radiographs were evaluated by two radiologists (GS, MF).
The LS angle was measured by two techniques (Wright, 1980;
Feeney and Wise, 1981). Spondylosis was graded as mild,
moderate or severe (Eichelberg and Wurster, 1982). The height
of the spinal canal at the level of L7 and S1, the width of the
disc space at L7/S1 were measured. Prior to statistical tests
these measurements were normalized for diﬀerent body size
and radiographic magniﬁcation by dividing them by the height
of the vertebral body of L7 (Mattoon and Koblik, 1993). The
width of the caudal endplate of L7 and the endplate of S1 was
measured axially and the results grouped into two semiquan-
titative groups, the width of 2.5 mm being the maximum for
those dogs with normal endplate width. The articular processes
were subjectively evaluated for the presence of sclerosis or
osteophytes.
The data were tested for statistical diﬀerences using chi-
square tests (categorical data), two-sample t-tests in case of
normality and Mann–Whitney U-tests in case of non-
normality (numeric data), while the variability of the corre-
lations was examined with the determination of R2. In order
to deﬁne predictors for possible disease of the LS-junction a
multivariate stepwise backwards logistic regression model
with the inclusion criteria of P < 0.2 and a level of
signiﬁcance of P < 0.05 was performed using the StatView
program (StatView for Windows 5.0.1, SAS Institute, Inc.,
Cary, NC, USA).
Results
All owners or handlers considered their dogs to be suitable for
working but 14 dogs had a history of pain or pelvic limb
abnormalities. Common features were reluctance to jump
(nine of 14), mild or intermittent lameness (ﬁve of 14), and
lower back pain (three of 14). Multiple signs were mentioned in
ﬁve dogs. Three dogs were on therapy. One received non-
steroidal anti-inﬂammatory drugs, one was being treated with
acupuncture and one by physiotherapy. The remaining 43 dogs
were normal.
Neurological examination was abnormal in 21 dogs
including those 14 with a history of pain or pelvic gait
abnormalities. The most consistent ﬁnding was lower back
pain (19 of 21), elicited by hyperextension of the L–S
junction (18 of 19), by digital palpation of the paraspinal
muscles at the level of the LS-joint (15 of 19) or by
hyperextension of the tail (14 of 19). Back pain was more
common in older dogs. Other abnormal ﬁndings included
gait abnormalities that worsened after hyperextension of the
LS junction (15 of 21), proprioception deﬁcits (ﬁve of 21),
reduced withdrawal reﬂex or myoclonus after eliciting the
patellar reﬂex (three of 21). In 11 neurologically normal
dogs lower back pain could be elicited, in one dog gait
abnormalities were noted (Fig. 1).
Radiographic lesions of the LS area were seen in 18 of
36 normal and in 15 of 21 abnormal dogs. In the normal dogs,
the most common radiographic ﬁndings were sclerosis of the
adjacent endplates (10 of 18), spondylosis (nine of 18), LS disc
mineralization (ﬁve of 18), LS spondylarthrosis (three of 18)
and TLSV (one of 18). In the abnormal dogs spondylosis was
noted in 12 of 15, spondylarthrosis in four of 15, sclerotic
endplates in four of 15, disc mineralization in three of 15 and
TLSV in one of 15 dogs (Fig. 2). Multiple radiographic
abnormalities were seen in 15 of 18 normal and 13 of
15 abnormal dogs. Except for spondylosis the frequencies of
the radiographic ﬁndings were not statistically signiﬁcant
between neurologically normal and abnormal dogs (Table 1).
In the dogs older than 5 years, the neurologically abnormal
dogs had narrower disk spaces L7/S1 but less often sclerotic
endplates of L7 and/or S1 (P < 0.05, Table 2) compared with
normal dogs. The mean ratio calculated between the height of
the spinal canal at the level of the caudal endplates of L7 and
S1 was 1.5 in both neurologically normal and abnormal dogs
respectively. The LS angle in neutral pelvic position was 130–
133 for both the normal and abnormal dogs. A mild LS
malalignment was found in 20 normal and 10 neurologically
abnormal dogs with a maximum ventral S1 displacement of
3 mm.
No dog had radiographic evidence of SOC, while two dogs
had symmetrical TLS segments with a concurrent fusion of the
ﬁrst coccygeal vertebra and S3. Both dogs showed various
additional abnormalities (Figs 3 and 4).
LS Pain
Gait
abnormalities
Propriception
deficit
Hyporeflexia
0 5 10 15 20 25 30 n
neurologically abnormal neurologically normal and orthopaedic problem
Fig. 1. Common ﬁndings on neurological examination of the lumbo-
sacral (LS)-area in 57 German Shepherd Dog (GSD, number n of
ﬁndings).
Malalignment
Mineralised nucleus
Endplate sclerosis
Spondylosis
Spondylarthrosis
Transitional vertebra
CHD unilateral
CHD bilateral
0 5 10 15 20 25 30 n
neurologically normal neurologically abnormal
Fig. 2. Radiographic changes of the lumbosacral (LS)-area in relation
to ﬁndings on neurological examination (number n of dogs).
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Abnormal radiographic ﬁndings were signiﬁcantly more
common (P < 0.05) in dogs 5 years or older (Table 3). In
particular spondylosis, sclerotic endplates of L7 and/or S1, and
spondylarthrosis was found more often. The severity of
spondylosis increased signiﬁcantly with increasing frequency
of neurological abnormalities (P < 0.05). The positive pre-
dictive value of spondylosis was 57%. In older dogs the spinal
canal at the level of L7 as well as the vertebral body of L7 was
higher compared with that in younger dogs (P < 0.05,
Table 3).
Statistical analysis showed that lower back pain was
signiﬁcantly more common in older dogs (P < 0.05). Middle
to high age and moderate spondylosis were noted with an
overall accuracy of 65% and a positive predictive value of 75%
in the presence of lower back pain based on multivariate
stepwise backwards logistic regression. In addition, moderate
positive correlations were noted between age on one side and
degree of coxarthrosis, endplate thickness of S1, height of L7
vertebral body and malalignment of L7/S1 on the other side.
However, the R2 values for these correlations never exceeded
the limit of 0.5.
Hip dysplasia was diagnosed in 14 of 57 dogs (mild in seven
dogs, moderate or severe in seven dogs). Seven of these dogs
were neurologically normal while seven had neurological
abnormalities. Hip joint modelling correlated strongly with
the age of the dogs. The frequency of spondylosis increased
with increasing severity of hip dysplasia.
Discussion
Cauda equina syndrome has been described extensively in the
literature (Tarvin and Prata, 1980; Jaggy et al., 1987; Fehr
and Thiet, 1990; Morgan and Bailey, 1990; To¨nnesen, 1993;
Ness, 1994; De Risio et al., 2000). Aetiological factors include
malformations such as TLS segments (Winkler and Loeﬄer,
1986; Morgan et al., 1993; Morgan, 1999), developmental
disorders, such as SOC of S1 (Lang et al., 1992; Hanna,
2001), L7/S1 disc degeneration (Oliver et al., 1978; Tarvin
and Prata, 1980; Ness, 1994; De Risio et al., 2000) or
combinations of these. Clinically, the patients may show
lower back pain and/or functional disturbances of the pelvic
limb, the anal area or the urinary bladder (Jaggy et al., 1987).
The severity of clinical symptoms may render the dogs
unsuitable for work.
Diagnosis is based on history, neurological assessment and
the correlation of clinical ﬁndings and ancillary diagnostic
imaging ﬁndings. The use of the diﬀerent imaging modalities
in the diagnostic work-up of CES have been reviewed (Sisson
et al., 1992; Ramirez and Thrall, 1998; De Risio et al., 2000).
A concise diagnosis should include the complementary use of
diﬀerent non-invasive and invasive studies. Radiography,
stress radiography and contrast studies (myelography, epidu-
rography, discography) may help ruling out osseous patho-
logical changes of the lumbosacral region as cause of CES
(Morgan and Bailey, 1990; Mattoon and Koblik, 1993;
Table 1. Radiographic parameters in neurologically normal (n ¼ 36) and neurologically abnormal German Shepherd dogs (GSDs, n ¼ 21)
Parameter
Neurologically normal dogs (n ¼ 36) Neurologically abnormal dogs (n ¼ 21)
P-valueMean Median SD Range n Mean Median SD Range n
Age 3.8 3.4 2.3 8.1 36 5.8 5.6 1.8 6.5 21 <0.001
L7 body height (mm) 17.2 17 1.1 5 36 17.4 18 0.9 3 21 ns
L7 spinal canal height (mm) 10.3 10 1.3 5 36 10.8 10 1.4 5 21 ns
S1 spinal canal height (mm) 6.9 7 0.6 3 36 7.1 7 1.3 6.5 21 ns
Disk space LS (mm) 7.5 7 0.8 5 36 7.5 7 0.9 3 21 ns
Malalignment LS (mm) 1.5 1.5 1.1 4 20 1.1 1.5 1.2 3 10 ns
Mineralized nucleus LS (mm) 2.5 2 1.9 4 4 4.3 5 1.1 2 3 ns
Sclerotic endplates LS 10 4 ns
Spondylosis LS 9 12 <0.05
Spondylarthrosis LS 3 4 ns
Transitional vertebra LS 1 1 ns
Signiﬁcant ﬁndings in bold; ns, not signiﬁcant; LS, lumbosacral.
Table 2. Radiographic parameters in neurologically normal (n ¼ 9) and abnormal (n ¼ 14) GSDs with an age of 5 years or older
Parameter
Dogs ‡5 years, neurologically normal
(n ¼ 9) Dogs ‡5 years, neurologically abnormal (n ¼ 14)
P-valueMean Median SD Range n Mean Median SD Range n
L7 spinal canal height (mm) 10.8 11 1.4 4 9 11 11 1.5 5 14 ns
L7 body height (mm) 18.1 18 1.1 3 9 17.8 18 0.8 3 14 ns
S1 spinal canal height (mm) 7 7 0.5 2 9 7.2 7 1.6 6.5 14 ns
Disk space LS (mm) 8 8 0.5 2 9 7.3 7 0.8 3 14 ns
Malalignment LS (mm) 1.3 1.5 1.2 4 8 1.3 2 1 3 9 ns
Mineralized nucleus LS (mm) 1 2 ns
Sclerotic endplates LS 6 3 <0.001
Spondylosis LS 4 8 ns
Spondylarthrosis LS 2 4 ns
Transitional vertebra LS 0 0 ns
Signiﬁcant ﬁndings in bold; ns, not signiﬁcant; LS, lumbosacral; GSD, German Shepherd dog.
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Ramirez and Thrall, 1998). However, ﬁndings may be
unspeciﬁc or inconclusive (Morgan and Bailey, 1990; Schmid
and Lang, 1993; De Risio et al., 2000). A more exact
evaluation of the soft tissues of the LS joint, the foraminal
areas and the geometry of the facet joints requires more
advanced tomographic techniques such as CT or MRI
(Sisson et al., 1992; Ramirez and Thrall, 1998; De Risio
et al., 2000; Seiler et al., 2002). Nevertheless, survey radiog-
raphy as a widely available modality has still a potential as
screening technique for bony malformation or evidence of
degenerative disease (De Risio et al., 2000). Mattoon and
Koblik (1993) described disk space collapse, moderate to
severe spondylosis, wide LS angulation (>170), LS mal-
alignment as radiographic predictors for CES. Linn et al.
(2003) found foraminal narrowing indicating a poor long-
term prognosis for surgery.
The purpose of this study therefore was to correlate ﬁndings
on plain radiographs with clinico-neurological ﬁndings in
working GSDs in an eﬀort to identify parameters on plain
radiographs indicating LS disease.
Based on the neurological examination 21 of 57 dogs in this
study showed signs compatible with CES. However, a third of
these dogs were considered to be normal by their owners,
indicating that the clinical signs of CES may be subtle and
variable (Jaggy et al., 1987). The CES was suspected signiﬁ-
cantly more often in dogs older than 5 years. The major
clinical sign was LS pain and the major radiographic ﬁnding
was spondylosis.
Fig. 3. Laterolateral (3a) and ventrodorsal (3b) radiographs of a male
German Shepherd Dog (GSD, age 4 years 5 months) with a symmet-
rical lumbosacral (LS)transitional segment (white arrowheads) and
moderate degenerative changes at the LS-junction. There is moderate
spondylosis deformans (black thick arrows), mild endplate sclerosis of
L7 (open white arrow) and narrowing of the spinal canal over S1
(black thin arrows). Neurological examination was abnormal.
Fig. 4. Laterolateral (4a) and ventrodorsal (4b) radiographs of a male
German Shepherd Dog (GSD, age 4 years 10 months) with a
symmetrical lumbosacral (LS) transitional segment (white arrowheads)
and mild degenerative changes at the LS-junction. There is a mild
spondylosis deformans (black thick arrows) and mild endplate sclerosis
of L7 (open white arrow). A discrete mineralization in the area of the
nucleus pulposus is seen. Neurological examination was normal.
30 G. Scharf et al.
Radiographic signs of LS-degeneration were more common
in neurologically abnormal dogs (10 of 14) than in normal
ones (18 of 36). Spondylosis was the most consistent
degenerative ﬁnding in both neurologically normal (nine of
36) and in abnormal (12 of 21) dogs. The severity of
spondylosis increased with the age of the dogs. This ﬁnding is
consistent with other reports (Jaggy et al., 1987; Mattoon
and Koblik, 1993). The incidence of spondylosis in this study
was similar to one report (Jaggy et al., 1987), but higher than
in another (Wright, 1980). Endplate sclerosis as sign of LS-
degeneration was seen less often in dogs older than 5 years,
but evaluation may have been diﬃcult because of the
superimposition of the ilium. Furthermore, the number of
dogs that had already been eliminated because of LS-
degeneration is not known.
A L7/S1 spinal canal ratio of 2 or more was noted in two
dogs and considered as a form of primary canal stenosis
(Morgan et al., 2000). Primary canal stenosis is assumed to
be a hereditary disease in large breed dogs and may be a
cause of CES (Morgan and Bailey, 1990; Morgan et al.,
2000). The LS malalignment is described to be clinically
relevant if greater than 4 mm (Schmid and Lang, 1993), but
this was not seen in this study. The LS angle in neutral
position is not considered a reliable indicator for reduced
mobility in the LS-joint of dogs with CES (Mattoon and
Koblik, 1993; Schmid and Lang, 1993). This ﬁnding was
conﬁrmed in this study.
A TLSV was only noted in two dogs, one being clinically
normal. The incidence of TLSV (3.5%) was lower than the 8%
reported in GSDs in the USA (Morgan, 1999). In Europe,
incidences may range from 5.7 (Flu¨ckiger et al., 2003), 11
(Winkler and Loeﬄer, 1986) to 26% (Breit et al., 2003). The
low incidence of TLSV in our study may be the result of
premature elimination of aﬀected dogs during initial training.
The cause may have been poor performance since the presence
of TLSV may expedite degenerative processes in the LS area
resulting in lower back pain. Unfortunately within this cohort
examined no data about the number of dogs prematurely
eliminated was available.
The SOC was reported in over 30% of predominately male
GSDs with CES and 6.4% in clinically normal GSDs (Lang
et al., 1992). No SOC were found in this study. This is
remarkable considering that the population studied was
primarily male. Similar reasons as with the TLSV could
explain the low incidence of SOC in our group. In addition,
many of the dogs were bred in kennels with a reputation for
successful performance of their lines.
Coxarthrosis as a result of CHD was positively, but not
signiﬁcantly, correlated with LS-degenerative disease. Both
alterations are age-dependent and therefore may not be
directly associated with each other.
This study is unique since it consistedof a complete population
of working dogs, while most studies cited in the literature were
performed in clinically aﬀected dogs. But even in this group the
accuracy of ﬁndings on plain radiographs indicating CES was
low conﬁrming their limited value in diagnosing CES.
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Degenerative lumbosacral stenosis is the most com-mon abnormality of the lumbosacral junction in 
dogs, particularly working GSDs.1,2 A study3 of causes 
of death or euthanasia of military working dogs, for 
instance, found that 19% of the military GSDs had 
neurologic disease of the spinal cord or cauda equina. 
Given the extensive time and effort involved in training 
working dogs, there is a demand for screening tests to 
identify dogs that could potentially have to be retired 
early because of DLSS. Although dogs with evidence of 
transitional lumbosacral vertebrae or osteochondrosis 
dissecans on survey radiographs have been shown to 
have an increased risk for development of cauda equina 
syndrome,4-7 the correlation between neurologic and ra-
diographic signs in dogs with cauda equina syndrome 
has proven to be poor in previous studies.8,9 Similarly, a 
radiographic study10 of lumbosacral angle, range of mo-
tion, and vertebral alignment did not find any associa-
tion between these radiographic signs and clinical signs 
of DLSS. More recently, computed tomography and mag-
netic resonance imaging have been found to reveal sub-
clinical abnormalities, further exposing the gap between 
clinical signs and diagnostic imaging abnormalities.11,12 
A follow-up study of neurologic and radiographic 
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Objective—To identify radiographic abnormalities associated with degenerative lumbosa-
cral stenosis (DLSS) in German Shepherd Dogs (GSDs) and determine whether specific 
radiographic abnormalities could be used to identify dogs at risk of developing DLSS.
DesignCohort study.
Animals—33 GSDs working as police dogs.
Procedures—Results of physical, neurologic, and orthopedic examinations were used to 
identify dogs with DLSS. Survey radiography of the lumbosacral junction was performed, 
and radiographs were compared with radiographs obtained 3 years earlier. 
Results—DLSS was diagnosed in 15 of the 33 (45%) dogs. Thirteen of the 15 dogs with 
DLSS and 14 of the 18 dogs without DLSS had radiographic abnormalities of the lumbosa-
cral junction. Twenty-two (67%) dogs were able to perform unrestricted duties, including 
3 dogs with suspected DLSS. Six (18%) dogs had been excluded from active duty during 
the period of surveillance because of DLSS. Significant progression in specific clinical and 
radiographic signs was detected, but multiple logistic regression analysis did not identify 
any radiographic signs that could be used to predict the development of DLSS.
Conclusions and Clinical Relevance—Results suggested that survey radiography cannot be used 
to predict development of DLSS in working GSDs. (J Am Vet Med Assoc 2007;231:1529–1533)
Abbreviations
GSD	 German	Shepherd	Dog
DLSS	 Degenerative	lumbosacral	stenosis
Previous studies have focused on associations be-
tween concurrent clinical and radiographic abnormali-
ties, and to our knowledge, there have not been any 
published studies examining whether radiographic ab-
normalities can be used to identify dogs at risk of de-
veloping DLSS. The purpose of the study reported here, 
therefore, was to determine whether specific radio-
graphic abnormalities could be used to identify work-
ing GSDs at risk of developing DLSS. The present study 
was conducted as a follow-up to a previous study.8
Materials and Methods 
In a previous study,8 results of neurologic and ra-
diologic examinations of 60 working GSDs were report-
ed. Thirty-three of these 60 dogs were included in the 
present study. The remaining 27 dogs were no longer 
available for study because they had died (n = 15) or 
been lost to follow-up (12). Dogs included in the pres-
ent study consisted of 28 males (all sexually intact) and 
5 females (4 sexually intact and 1 spayed).
The 33 dogs were reexamined approximately 3 
years after the initial examination. Mean ± SD age at 
the time of initial examination8 was 3.5 ± 1.7 years, 
and mean age at the time of examination for the present 
study was 7.0 ± 1.7 years. Mean time between examina-
tions was 41 ± 8.0 months. All dogs were regularly used 
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as patrol and attack dogs at a Swiss police unit during 
the time between examinations. 
For the present study, owners answered a written 
questionnaire asking for information about the general 
health status of their dog and any concurrent disorders 
diagnosed by their veterinarian. With respect to poten-
tial lumbosacral disease, owners were specifically asked 
to indicate whether their dogs were able to perform 
their expected duties without any restrictions. Owners 
were also asked to indicate whether their dogs had had 
any signs of pain, lameness, or weakness of the pelvic 
limbs or tail. 
Each dog underwent a neurologic examination that 
included careful assessments of gait, posture, anal and 
tail tone, and quality of conscious proprioception and 
spinal reflexes (ie, patellar, cranial tibial, and withdraw-
al reflexes). Lumbosacral hyperesthesia was evaluated 
by means of deep palpation, lumbosacral hyperexten-
sion, and hyperextension of the tail. Gait and posture 
were graded as normal (grade 0) or as mildly (grade 
1), moderately (grade 2), or severely (grade 3) abnor-
mal. Anal tone, tail tone, conscious proprioception, 
spinal reflexes, and response to lumbosacral palpation 
and manipulation were scored as normal (grade 0) or 
abnormal (grade 1). A presumptive diagnosis of DLSS 
was made in dogs with compatible clinical signs, with 
reproducible signs of lumbosacral pain being the mini-
mal requirement, following exclusion of orthopedic 
and other neurologic disorders that might mimic the 
condition. In all dogs, the examination was performed 
by the same board-certified neurologist (FS) who had 
performed neurologic examinations of the dogs for the 
previous study.8 
Following the neurologic examination, all dogs un-
derwent survey radiography of the lumbosacral junc-
tion. For this radiographic evaluation, dogs were sedat-
ed with medetomidine (5 to 10 µg/kg [2.3 to 4.5 µg/lb], 
IV) and propofol to effect. Atipamezole (5 to 10 µg/kg, 
IV) was administered at the end of the radiographic 
evaluation to antagonize the effects of medetomidine. 
Two radiographic views centered on the lumbosa-
cral junction were obtained.a One was obtained with 
the dog in lateral recumbency and the femurs perpen-
dicular to the vertebral column; the other was obtained 
with the dog in dorsal recumbency, with the stifle joints 
abducted and the X-ray beam angled cranially by 7o 
to 10o so that it was parallel to the lumbosacral end-
plates. Radiographic positions were the same as those 
obtained for the previous study,8 and radiographs ob-
tained for the present study were compared with those 
obtained 3 years earlier. Radiographs were assessed by 
a board-certified radiologist (GS) for evidence of lum-
bosacral transitional vertebrae, spondylosis deformans, 
spondylarthrosis, and lumbosacral misalignment.13,14 
Spondylosis deformans was scored as absent (grade 0) 
or present (grade 1; presence of bony spurs, ossification 
cores between vertebral bodies, or bridging spurs).15 
Spondylarthrosis was also scored as absent (grade 0) 
or present (grade 1; osteophytes, sclerosis, enlargement 
of the facet, and widening of the articular space). Lum-
bosacral misalignment was measured at the level of the 
cranial endplate of S1 as the distance between 2 lines 
drawn parallel to the dorsal cortices of the bodies of 
L7 and S1. Width of the L7-S1 intervertebral space was 
measured as the distance between the endplates of the 
vertebral bodies at the axial center of the disk along a 
line dividing the vertebral body of S1 into equal halves. 
If present, the dorsoventral extension of any area of 
mineralization within the L7-S1 disk was measured. 
The height of the spinal canal was measured at the level 
of the caudal endplate of L7 and the cranial endplate of 
S1. The height of the body of L7 was measured in the 
middle of L7 and at the level of the caudal endplate. 
The axial widths of L7 and S1 endplates were measured, 
and a score of 0 (≤ 2 mm) or 1 (> 2 mm) was assigned. 
Shape and contour of the cranial endplate of S1 were 
evaluated, with particular attention paid to any dorsal 
flattening of S1 (grade 0, no flattening evident; grade 1, 
flattening evident). Contour of the cranial endplate was 
graded as normal (grade 0) or abnormal (grade 1; rough 
or irregular contour). The presence of opacification or 
bony fragments within the spinal canal was recorded as 
absent (grade 0) or present (grade 1). The width of the 
L7-S1 intervertebral disk space was normalized by di-
viding the measured distance by the height of the spinal 
canal at the level of the caudal endplate of L7. The ra-
diologist was blinded to previous radiographic findings 
and to results of the neurologic examination.
Statistical analysisDescriptive statistics (mean 
and SD) were computed. The Wilcoxon signed rank 
test was used to compare clinical and radiographic find-
ings from the original examination with findings for the 
present study. Forward and backward multiple logistic 
regression analysis was performed to test for associa-
tions between radiographic signs observed during the 
original examination and diagnosis of DLSS. All analy-
ses were performed with standard software.b,c Values of 
P < 0.05 were considered significant.
Results
Owners of 13 of the 33 (39%) dogs reported prob-
lems potentially associated with a lumbosacral disorder. 
This included 11 (33%) dogs with mild lameness or 
weakness of the pelvic limbs, 10 (30%) dogs with dif-
ficulties jumping, and 7 (21%) dogs with signs of lower 
back pain. Owners of 22 of the 33 (67%) dogs reported 
that their dogs were able to perform their duties without 
any restrictions, and owners of an additional 4 (12%) 
dogs reported that their dogs were able to perform re-
stricted duties (ie, dogs were used on patrol but were not 
used or trained for attack duties). Reasons for restricted 
duties were reported as DLSS in 3 dogs and thoracolum-
bar disk disease in 1. Seven dogs had been excluded from 
active duty because of DLSS (3 with confirmed and 3 
with suspected DLSS) or other reasons (1).
In 15 of the 33 (45%) dogs, a presumptive diagnosis 
of DLSS was made on the basis of results of the neuro-
logic examination. In all 15, signs of pain were elicited 
by means of digital palpation of the lumbosacral area 
and hyperextension of the lumbosacral junction. Ad-
ditional signs included abnormalities of gait in 8 dogs 
(24%; grade 1 in 2 dogs, grade 2 in 3 dogs, and grade 
3 in 3 dogs) and presence of mild neurologic deficits, 
including proprioceptive deficits, in 5 (15%) dogs. In 
11 of these 15 dogs, a diagnosis of DLSS had also been 
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made at the time of the original examination 3 years 
earlier, and in 9 of the 11, compression of the cauda 
equina had subsequently been confirmed by means of 
myelography, epidurography, computed tomography, 
magnetic resonance imaging, or surgery. Of the 11 dogs 
in which DLSS had been diagnosed at the time of the 
original examination, 4 were on unrestricted duty, 2 
were on restricted duty, and 5 were excluded from ac-
tive duty because of DLSS.
Musculoskeletal abnormalities unrelated to DLSS 
that were identified included fibrosis of the semitendi-
nosus muscle (n = 2 dogs), thoracolumbar disk disease 
(1), rupture of the cranial cruciate ligament (2), fore-
limb lameness secondary to elbow arthrosis (4), and 
pelvic limb lameness secondary to hip dysplasia (7). 
No neurologic abnormalities unrelated to DLSS were 
identified.
Several dogs with clinical signs of DLSS had under-
gone medical or surgical treatment in the time between 
the original and present examinations. Nonsteroidal 
anti-inflammatory drugs had been administered inter-
mittently to 3 dogs (2 with a good response and 1 with-
out any response) and continuously to 1 (with a good 
response). One dog had been treated with a long-acting 
corticosteroid every third month with satisfactory clini-
cal results. 
Surgical decompression of the cauda equina and 
nerve roots was performed in 2 dogs by means of a stan-
dard dorsal laminectomy. The outcome in 1 was excel-
lent initially, but the dog was restricted from duties 1 
year after surgery and had reproducible signs of pain 
on lumbosacral palpation and extension. The other dog 
was euthanatized 6 months after surgery because of 
poorly specified reasons unrelated to DLSS; a necropsy 
was not performed.
Thirteen of the 15 dogs with DLSS had radiograph-
ic abnormalities of the lumbosacral junction, as did 14 
of the 18 dogs without clinical signs of DLSS. Radio-
graphic abnormalities included mineralization of the 
L7-S1 intervertebral disk (n = 12), sclerosis and thick-
ening of the lumbosacral endplates (4), spondylosis 
deformans (25), and mineralization within the spinal 
canal (7). Lumbosacral transitional vertebrae were seen 
in 2 dogs, and lumbosacral misalignment was present 
in 16 dogs. Mean ± SD dorsoventral extent of mineral-
ization within the L7-S1 disk was 3.1 ± 6.1 mm. Mean 
normalized width of the L7-S1 intervertebral disk space 
(ie, width of the disk space divided by height of the 
spinal canal) was 0.4 ± 0.05. Mean height of the spinal 
canal at the level of the caudal endplate of L7 was 11.4 
± 1.23 mm, and mean height of the spinal canal at the 
level of the cranial endplate of S1 was 7.6 ± 1.08 mm. 
Mean lumbosacral misalignment was 0.44 ± 1.04 mm. 
Mean height of the body of L7 at the level of the caudal 
endplate was 23.3 ± 1.46 mm.
When clinical signs observed during the original 
and present examinations were compared, there were 
significant increases in scores for gait (P = 0.011; higher 
scores were indicative of more severe gait abnormali-
ties), quality of conscious proprioception (P = 0.025; 
scored as 0 [normal] or 1 [abnormal]), and response 
to lumbosacral palpation and manipulation (P = 0.002; 
scored as 0 [normal] or 1 [abnormal]). Scores for anal 
tone, tail tone, and spinal reflexes were not significantly 
different between observation times. 
Similarly, when radiographic signs observed during 
the original and present examinations were compared, 
significant differences included an increase in the mean 
dorsoventral extent of areas of mineralization within 
the L7-S1 disk space (P ≤ 0.001), a decrease in mean 
normalized width of the L7-S1 intervertebral disk space 
(P ≤ 0.001), increases in scores for spondylosis defor-
mans (P < 0.001; scored as 0 [absent] or 1 [present]) 
and mineralization within the spinal canal (P = 0.025; 
scored as 0 [absent] or 1 [present]), a decrease in mean 
height of the spinal canal at the level of the caudal end-
plate of L7 (P = 0.004), and an increase in the mean 
height of the spinal canal at the level of the cranial end-
plate of S1 (P = 0.001). No significant differences were 
found between observation times with regard to dorsal 
flattening of S1, contour of the cranial endplate of S1, 
axial widths of the L7 and S1 endplates, lumbosacral 
misalignment, spondylarthrosis, or height of the body 
of L7 at the level of the caudal endplate.
Multiple logistic regression analysis did not iden-
tify any radiographic signs that could be used to predict 
the development of DLSS.
Discussion
The most common and typically earliest finding in 
dogs with DLSS is signs of pain during palpation and 
hyperextension of the lumbosacral junction. Although 
not specific for DLSS, this test is easy to perform and 
highly sensitive, with positive results in 91% to 100% 
of affected dogs.1,2,16 Most often, pain arises as a result 
of compression of the nerve roots of the cauda equina, 
although other potential sources of pain include the 
lumbosacral disk and the articular facets. Although 
the diagnosis of DLSS was not confirmed by means of 
advanced diagnostic imaging in all dogs in the present 
study, the presumptive diagnosis was made on the basis 
of repeated neurologic examinations and by exclusion 
of other diseases that may mimic the disease. 
Although radiographic signs suggestive of lumbo-
sacral degeneration have been shown to be unreliable 
for the diagnosis of DLSS in previous reports,9,10 the 
predictive value of radiography has not been assessed 
previously. In an era of advanced diagnostic imaging, 
the role of biplanar radiography for the diagnosis of spi-
nal disorders becomes more and more marginal, owing 
to its poor ability to visualize soft tissue and forami-
nal abnormalities. However, studies on spinal disorders 
have demonstrated the value of survey radiography de-
spite these limitations. For instance, in a prospective 
study17 of clinically normal Doberman Pinschers with 
radiographic signs of cervical spondylomyelopathy, 
71.8% developed clinical signs of the disorder within 
the following 5 years, indicating the predictive value of 
screening radiography. In a recent human study,18 bi-
planar radiography was able to distinguish early stages 
of lumbar disk degeneration, whereas magnetic reso-
nance imaging could only detect advanced degenera-
tion, and it was concluded that radiography was a cost-
effective method for detecting early disk degeneration. 
In the present study, significant progression of various 
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radiographic signs suggestive of lumbosacral degenera-
tion was identified. However, none of the radiographic 
signs was significantly associated with clinical signs of 
DLSS. This finding was supported by the fact that dogs 
without clinical signs of DLSS had similar increases in 
radiographic signs of lumbosacral degeneration. Thus, 
our findings support the suggestion that survey ra-
diography is of low diagnostic value not only for the 
contemporaneous diagnosis of DLSS but also for pro-
spective identification of dogs at risk of developing the 
disease.
Misalignment of the lumbosacral junction (ie, ven-
tral subluxation of S1 relative to L7) deserves special 
comment. Lumbosacral misalignment has been consid-
ered to be a sign of instability by several authors,19,20 
whereas others found no significant differences be-
tween affected and unaffected dogs.8,10 Schmid and 
Lang10 found that ventral subluxation of > 4 mm was 
strongly suggestive of an abnormal lumbosacral junc-
tion, but Suwankong et al20 suggested that a lumbosa-
cral step as small as 2 mm may be clinically relevant. 
However, because dogs in these previous studies were 
clinically abnormal or were not followed up clinically, 
statements about the predictive value of this finding 
were not possible. In the present study, 16 dogs had 
lumbosacral misalignment, with the degree of misalign-
ment ranging from 1 to 3 mm. When radiographs ob-
tained for the present study were compared with the 
original radiographs for these dogs, no progression in 
the misalignment was noted radiographically and a 
lumbosacral step was not associated with clinical signs 
of DLSS. Thus, results of the present study indicate that 
the presence of a lumbosacral step on a lateral radio-
graphic view does not represent a relevant clinical find-
ing in regard to the diagnosis or possible subsequent 
development of DLSS.
The association between radiographically apparent 
spondylosis deformans and clinical signs of DLSS is con-
troversial in the veterinary literature. Spondylosis defor-
mans and type II disk disease were suspected to be asso-
ciated in a recent study,21 and higher rates of spondylosis 
at sites of type II disk protrusion have been found.22 In 
contrast, our results confirm the finding of Scharf et al8 
that radiographically apparent spondylosis deformans is 
not consistently associated with clinical signs of lumbo-
sacral disease. Spondylosis was a common radiographic 
finding in dogs with DLSS in the present study, but it was 
not associated with clinical signs nor did it predict future 
development of the disease.
The number of dogs with clinical signs of DLSS in-
creased from 37% to 46% over the 3 years from the pre-
vious8 to the present study. Significant progressions in 
gait abnormalities and conscious proprioceptive deficits 
reflected the progressive nature of the disease, and our 
findings are in accordance with the findings of other in-
vestigators1,23 that older dogs are more commonly and 
more severely affected than younger ones. Of the 33 
GSDs reevaluated for the present study, 22 were able to 
perform unrestricted duty. Four dogs were in restricted 
duty, 6 dogs were excluded from duty because of DLSS, 
and 1 dog was excluded from duty for other reasons. 
All told, 9 of the 33 (27%) dogs were excluded from 
duty or on restricted duty because of DLSS. In a previ-
ous study,3 19.4% of GSDs in military working service 
were found to have pathologic lesions of spinal cord 
and cauda equina disease. The higher incidence in the 
present study may be explained by the fact that slightly 
to moderately affected dogs were included. 
Six of the dogs in the present study with clinical 
signs of DLSS were able to perform unrestricted duties. 
Five of these dogs only had signs of pain during the 
neurologic examination, but 1 had more severe neuro-
logic deficits. As suggested previously,23 milder forms 
of DLSS do not necessarily interfere with working capa-
bilities in working GSDs because of their temperament 
and, possibly, higher pain tolerance.
Our data must be interpreted with some caution as 
imaging modalities such as epidurography, computed to-
mography, or magnetic resonance imaging were not used 
to demonstrate compression of the cauda equina nerves 
in all cases. The radiographic diagnosis was made solely 
on the basis of survey radiographs, and the role of sur-
vey radiography was to rule out other diseases that could 
cause clinical signs similar to those seen with DLSS. Al-
though presumptive, the diagnosis was strengthened by 
several facts. Non-neurologic causes of similar clinical 
signs, such as degenerative joint disease of the hip or sti-
fle joint, could be excluded on the basis of results of re-
peated physical and radiographic examinations. Neuro-
logic diseases that mimic DLSS, such as the lower motor 
neuron form of degenerative myelopathy and vertebral 
or spinal neoplasia, would have become overt during the 
period of surveillance and therefore could be excluded 
with near certainty. An important consideration that 
could not be ruled out was disk protrusion at a site other 
than the lumbosacral junction. In addition, because the 
2 studies spanned a maximum of 3.5 years, it is possible 
that some dogs with radiographic abnormalities that did 
not have any current clinical signs of DLSS will develop 
the disease later on. Therefore, our statement that plain 
radiography is of limited predictive value for DLSS may 
prove to be incorrect for surveys performed over longer 
periods of time.
In conclusion, it is tempting to interpret radio-
graphic signs of lumbosacral degeneration as a diagnos-
tic criterion for DLSS, as the contrary will be difficult to 
prove in the absence of lifelong radiographic studies of 
dogs with and without these abnormalities. However, 
it can be stated with great certainty that radiographic 
signs of lumbosacral degeneration may precede, appear 
simultaneously with, or even develop after the onset of 
clinical signs. Thus, they are not helpful as predictors 
for development of DLSS. Further efforts such as a com-
bination of radiography and magnetic resonance imag-
ing or identification of genetic markers suggestive of a 
hereditary predisposition for DLSS may be necessary to 
identify dogs that are at risk of developing the disease 
during their life span. Degenerative lumbosacral steno-
sis is an important reason for premature termination of 
the working career of GSDs, but this study suggests that 
slightly to even moderately affected dogs may be used 
in police service for months and even years. 
a. Fuji AC3-System, Fujifilm AG, Dielsdorf, Switzerland.
b. StatView, version 5, SAS Institute Inc, Cary, NC. 
c. SPSS, version 10, SPSS Inc, Chicago, Ill. 
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complete or partial responses or stabilization of their disease.
CHAPTER 8 
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Interest in physical therapy as adjunctive treatmentfor neurologic and orthopedic disorders has
increased among veterinarians and pet owners.
Substantial progress has been made in understanding
the effects of physical therapy and development of
techniques. However, the discipline is still often con-
ducted on the basis of personal experiences rather than
on results of anatomic and clinical studies. Few guide-
lines exist for the use of physical therapy in the post-
operative care of veterinary patients, and the guidelines
that are available are often tailored to orthopedic prob-
lems.1-5,a Because many structures are involved in the
complex act of locomotion, physical therapy should
not be considered as a treatment option for joint mobi-
lization and joint diseases alone. In addition to joint
function, muscular activity and neuronal circuits are
also involved in gait and movement.
The practice of nerve tissue mobilization originated
in 1864 when it was discovered that pain could be
induced in humans with sciatica by stretching the sciatic
nerve via extension of the knee (stifle joint in dogs) with
concurrent flexion of the hip joint.6 Remarkably, pain dis-
appeared after flexing the knee. In 1950, Woodhall and
Hayes7 reported that pain was elicited by simultaneous
dorsiflexion of the ankle joint, extension of the knee joint,
flexion of the hip joint, and flexion of the neck in patients
with ruptured intervertebral disks in the lower portion of
the vertebral column. This phenomenon was described as
the positive straight–leg (limb)-raising test and was intro-
duced as a diagnostic aid to detect sciatic nerve damage.6
Nerve roots can be mobilized by certain passive
exercises, many of which were analyzed and developed
in the 1960’s and 1970’s.8-11 Findings from these studies
were used to develop physical therapy exercises and a
protocol for nerve root mobilization in humans with
pain in the lower portion of the back. The goal of nerve
root mobilization in lumbar nerve root disorders is to
shorten rehabilitation time after surgical procedures by
treating specific lesions such as adhesion of nervous
tissue12 and edema in the region of the nerve roots.6
Most physical therapy protocols for veterinary
patients have been derived from procedures estab-
lished in humans, but to the authors’ knowledge, the
effect of these exercises has not been studied in
quadrupeds. The purpose of this study was to compare
the macroscopic positional changes of lumbar neural
tissue and dural-meningeal mobilization in humans
and dogs, determine whether exercises must be adapt-
ed to canine anatomy, and quantify movement that can
be achieved in the nerve roots. 
Materials and Methods
Five adult Beagle (3 males and 2 females) cadavers were
used in the preliminary study to establish protocols for the
neural tissue mobilization exercises, and 10 adult Beagle (6
males and 4 females) cadavers were used in the quantitative
part of the study. All dogs had been purpose bred and were
donated by a Swiss laboratory animal breeding company to
the Department of Veterinary Anatomy of the Vetsuisse
Faculty, University of Zurich, for educational and study pur-
poses in veterinary science. Dogs were euthanized by IV
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Evaluation of the anatomic effect of physical
therapy exercises for mobilization of lumbar
spinal nerves and the dura mater in dogs
Fredrik I. Gruenenfelder, med vet; Alois Boos, Prof Dr med vet; Marco Mouwen; Frank Steffen, Dr med vet 
Objective—To adapt and standardize neural tissue
mobilization exercises, quantify nerve root move-
ment, and assess the anatomic effects of lumbar
spinal nerve and dural mobilization in dogs.
Animals—15 canine cadavers. 
Procedures—5 cadavers were used in the prelimi-
nary part of the study to adapt 3 neural tissue mobi-
lization physical therapy exercises to canine anato-
my. In the other 10 cadavers, the L4 to L7 nerve
roots and the dura at the level of T13 and L1 were
isolated and marked. Movements during the physi-
cal therapy exercises were standardized by means
of goniometric control. Movement of the nerve
roots in response to each exercise was digitally
measured. The effects of body weight and crown-
rump length on the distance of nerve root move-
ment achieved during each exercise were also
assessed. Each exercise was divided into 4 steps,
and the overall distance of neural movement
achieved was compared with distances achieved
between  steps.
Results—Neural tissue mobilization exercises elicited
visible and measurable movement of nerve roots L4
to L7 and of the dura at T13 and L1 in all cadavers.
Conclusions and Clinical Relevance—The physical
therapy exercises evaluated had measurable effects
on nerve roots L4 to L7 and the dura mater in the T13
and L1 segments. These exercises should be evaluat-
ed in clinical trials to validate their efficacy as primary
treatments or ancillary postsurgical therapy in dogs
with disorders of the thoracolumbar and lumbosacral
segments of the vertebral column. (Am J Vet Res
2006;67:1773–1779)
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injection of 10 mL of thiopental solution and exsanguinated.
The dogs’ care and euthanasia were conducted in accordance
with Swiss national law for the protection of animals. 
The 10 dogs used in the main part of the study were
weighed, and the crown-rump length was measured for each.
The cadavers were frozen and stored at –25oC. Within a 24-
hour period before dissection, cadavers were thawed in a water
bath at 37oC.  The skin overlying vertebral column segments
T8 to Cc1 was shaved, and dogs were positioned in sternal
recumbency. The skin and fascia were incised, and the lumbar
muscles were elevated from the vertebral column until the
intervertebral foramina and nerve roots from L4 to L7 were
visible. The nerve roots and osseous anatomic landmarks of
the vertebral column were marked with synthetic resin paint.
The passive stifle joint bending exercise for mobilization of
nerve roots L4 to L6, the straight-limb–raising exercise for
mobilization of nerve root L7, and the dural stretch exercise
for dural mobilization were performed in each cadaver. 
The range of limb motion in various directions was stan-
dardized in each exercise by maintaining the same goniomet-
rically controlled angle. The angles and range of motion were
developed during the preliminary study with the first 5 dogs.
The criteria for selecting the specific angles were that the
selected forces and angles should be applicable to live dogs
without causing harm and that the maximal visible effect on
the nerve root would be achieved by the applied maneuvers.
All exercises were performed with the cadavers positioned in
lateral recumbency and consisted of 3 or 4 steps. 
The passive stifle joint-bending exercise—The passive
stifle joint exercise is designed to elicit movement of nerve
roots L4 to L6. This exercise is performed in humans with
nerve root disorders affecting the L1 to L4 segment with the
aim of mobilizing the roots of the femoral nerve.6 In the neu-
tral position, the pelvic limb is held parallel to the table with
an angle of 90o between the greater trochanter of the femur
and the lumbar portion of the vertebral column. The first
step of the exercise is extension of the hip joint from 90o to
150o while maintaining the limb parallel to the table. The sec-
ond step is abducting the pelvic limb 80o while maintaining
the hip joint in the extended position. The position achieved
with those first 2 steps is defined as the pretension position.
The third and fourth steps entail continuous movement of
the stifle (femorotibial) joint from a 40o angle in flexion to
180o in extension. In humans, steps 3 and 4 are considered to
be the therapeutic component of the exercise and are the
steps during which the nerve roots glide back and forth at the
level of the intervertebral foramina.
The straight-limb–raising exercise—This exercise
is used in humans with nerve root disorders involving
the L4 to S2 segment of the vertebral column and is
designed to mobilize the sciatic nerve roots.6 In the neu-
tral position, the pelvic limb is held parallel to the table
with an angle of 90o between the greater trochanter of the
femur and the lumbar portion of the vertebral column.
The first step is flexion of the hip from 90o to 35o while
the limb is held parallel to the table. The second step is
a 30o outward rotation of the hip, performed while main-
taining the hip in the flexed position. The position
achieved with steps 1 and 2 is defined as the pretension
position. The third and fourth steps consist of continu-
ous movement of the stifle joint from 40o in flexion to
180o in extension. 
Palpable anatomic landmarks such as the greater
trochanter, the transverse processes of the lumbar vertebrae,
the lateral condyle of the femur, and the lateral malleolus of
the fibula were used for measuring the angles in the passive
stifle joint-bending and straight-limb–raising exercises.
The dural stretch exercise—In humans, the dural
stretch exercise is designed to move the dura in the region of
T12 to L1. This test enhances the effects of the straight-leg
raising and the passive knee-bending exercises by stretching
the meningeal structures of the spinal cord.6 In the present
study, the first step was to flex the vertebral column until the
rostral portion of the lower jaw was in contact with the pelvic
limbs. This was defined as the pretension position. The sec-
ond and third steps consisted of continuous maximal flexion
and maximal extension of the atlantooccipital joint.
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Figure 1—Photographs of the passive stifle joint-bending exercise being performed in a Beagle cadaver and the resultant positions of the
L4, L5, and L6 nerve roots in the same dog. Increments represented by markings on measuring tape are 1 mm. Cranial is to the right.
A— Appearance of the limb (left) and the nerve roots (right) in a neutral position. Notice that the pelvic limb is held parallel to the table
with an angle of 90o between the greater trochanter of the femur and the lumbar segment of the vertebral column. B— Appearance of
the limb (left) and nerve roots (right) at the end position of the exercise. The limb was moved from a stifle joint flexion angle of 40o to
extension at 180o while the limb was maintained in the pretension position.
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B
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Measurement of the gliding distances of the nerve
roots—For the passive stifle joint-bending exercise, the dis-
sected L4 to L6 nerve roots were marked with synthetic resin
paint. The exercise was performed and digitally pho-
tographed. Measurement of the distances between vertebral
column landmarks and the nerve roots was performed with
the limb in the following positions: neutral and hip-extend-
ed position, hip joint extended with additional abduction of
the limb (ie, pretension position), pretension position with
additional stifle joint flexion, and stifle joint in flexed and
extended positions with the limb maintained in pretension
position. Distance was defined as movement of the nerve root
elicited by moving the limb from the neutral position to posi-
tions with the hip joint in extension and abduction and with
the stifle joint also in flexion (Figure 1).
For the straight limb-raising exercise, the L7 nerve root was
marked with synthetic resin paint and movements of the L7
nerve root relative to the vertebral column were digitally pho-
tographed. Computerized measurements of the distances
between the vertebral column landmarks and the nerve roots
were performed with the limb in the following positions: neutral
and hip joint-flexed position, hip joint flexed with additional
abduction (ie, pretension position), pretension position with sti-
fle joint extension, and flexed-to-extended stifle joint positions
with concurrent maintenance of the pretension position.
Distance was defined as movement of the L7 nerve root elicited
by moving the limb from the neutral position to the pretension
position with additional stifle joint extension (Figure 2). 
For the dural stretch exercise, a dorsal laminectomy
with preservation of the facet joints was performed by use
of Rongeur forceps on the T13 to L1 vertebrae. The dura
and the vertebral column were marked at the level of T13-
L1 with synthetic resin paint. The dural stretch exercise was
performed and movements were digitally photographed.
Measurements of the position of the dura relative to the ver-
tebral column were made with the dog in the following
positions: neutral position to maximal flexion of the verte-
bral column (ie, pretension position), pretension position
with additional flexion of the atlantooccipital joint, and
flexion and extension of the atlantooccipital joint (Figure
3). Measurements were performed with an open-source
medical viewer program.b In each photograph, measure-
ments were calibrated with a small measuring device of
known distance.
Statistical analysis—Mean ± SD and SEM values for
nerve root or dural movement were calculated for the 10
dogs at the different positions and were compared separately
for each exercise by use of 1-way repeated-measures ANOVA
with succeeding pairwise Bonferroni t tests. For each exer-
cise, correlations between body size (expressed by crown-
rump length) and maximal movement of the nerve root were
investigated with the Pearson correlation. All statistical
analyses were performed with commercially available soft-
ware.c Values of P < 0.05 were considered significant.
Results
Movement of nerve roots L4 to L6 during the pas-
sive stifle joint-bending exercise and of nerve root L7
during the straight-limb–raising exercise was observed
in all cadavers. Results for the passive stifle joint-bend-
ing exercise, the straight-limb–raising exercise, and the
dural stretch exercise were summarized (Tables 1–3). 
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Figure 2—Photographs of the straight-limb–raising exercise being performed in a Beagle cadaver and the resultant position of the L7 nerve
root in the same dog. Increments represented by markings on measuring tape are 1 mm. Cranial is to the left. A—Appearance of limb (left)
and nerve root (right) in the same neutral position as in Figure 1. Notice the yellow paint dot used to measure the distance of nerve root
movement. B—Appearance of the limb (left) and nerve root (right) at the end position of the exercise. This position was reached by con-
tinuously moving the stifle joint from a flexion angle of 40o to extension at 180o while the limb was maintained in the pretension position.
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Distances measured for nerve root movement dur-
ing the exercises varied among dogs. In the preliminary
study involving 5 dogs, extension and abduction of the
hip joint elicited more nerve root movement than did
extension of the joint alone. The distance gained with
additional abduction in the extended hip joint varied
from 0.1 to 0.4 mm for L4, 0.1 to 0.9 mm for L5, and
0.1 to 0.7 mm for L6; each of these distances was sig-
nificant. The distance of dynamic gliding for nerve
roots L4 to L6 under pretension during flexion and
extension of the stifle joint was significant.
In the straight-limb–raising exercise for the L7
nerve root, the extent of nerve root movement result-
ing from the different steps of the exercise was not con-
stant among dogs. In the preliminary study group,
abduction of the hip joint in flexion resulted in
increased movement of the nerve root, compared with
that elicited by flexion of the joint alone. The move-
ment of the L7 nerve root gained with additional
abduction of the hip joint after flexion varied from 0.1
to 0.7 mm; this distance was significant. The gliding of
the L7 nerve root achieved under pretension during
extension and flexion of the stifle joint was also signif-
icant. 
The dural stretch exercise resulted in movement of
the dura when dogs were moved from the neutral posi-
tion to the pretension position. While the vertebral col-
umn was in maximal flexion, a flattening of the spinal
cord was observed. Only minimal movement (between
0 and 0.2 mm) of the dura with additional flexion and
extension of the atlantooccipital joint was observed.
No effects of body weight, crown-rump length, or sex
on the measurements were detected. 
Discussion
Results confirmed that there was measurable glid-
ing movement of the lumbar nerve roots during the
passive stifle joint-bending and straight-limb–raising
exercises. The maximum distances over which gliding
occurred ranged from 0.2 to 2.6 mm, depending on the
nerve root. In the passive stifle joint-bending exercise,
the L4 nerve root had the shortest gliding distance,
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Figure 3—Photographs of the dural stretch exercise being performed in a Beagle cadaver and movement of the dura mater at T13 and
L1. Increments represented by markings on the measuring tape are 1 mm. Cranial is to the right. A—Appearance of the limb (left) and
exposed dura mater (right) in neutral position. Notice the white paint dots used to measure the distance of nerve root movement. B—
Appearance of the dog with maximal flexion of the vertebral column (pretension position) and atlantooccipital joint (left) and corre-
sponding position of the dura mater at the level of T13-L1(right). 
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whereas movement over a longer distance was charac-
teristic for L6 and particularly for L5. There was, how-
ever, considerable individual variation among dogs.
The fact that the L5 nerve root is the major root con-
tributing to the femoral nerve13 may account for the
increased mobilization of the L5 nerve root during the
passive stifle joint-bending exercise.
In the straight-limb–raising exercise, distances
of L7 nerve root movement ranged from 0.4 to 1.5
mm. Additionally, the L6 nerve root, which forms a
part of the sciatic nerve,13 was investigated in 7
dogs. The L6 nerve root underwent gliding move-
ment in the proximal direction of up to 0.4 mm
during flexion of the hip joint. This could be
caused by decreased tension on the femoral nerve,
including the L6 nerve root, during flexion of the
hip. Other than these observations, movement of
the L6 nerve root in response to this exercise was
not investigated further because the straight-
limb–raising exercise is designed to mobilize the
L7 nerve root.
The straight-limb–raising and passive stifle joint-
bending exercises can be useful diagnostic tools for the
clinician. Given the difficulties inherent in distinguish-
ing nerve root irritation from orthopedic diseases that
cause joint pain, the clinician might be able to focus
the list of tentative diagnoses by adding these exercis-
es to the standard examination protocol. Dogs with
lumbar and lumbosacral nerve root problems often
have a pain response to movements that elicits a nerve
root stretch. For example, in dogs with nerve root irri-
tation in the L4 to L6 segments, signs of pain can be
elicited in response to the passive stifle joint-bending
manipulation. Similar observations can be made in
dogs with L7 nerve root irritation. The straight-
limb–raising exercise elicits a much more painful
response in these dogs, compared with the reaction in
dogs with S1 nerve root irritation. These findings
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Table 1—Mean ± SD and SEM gliding distances (mm) of nerve roots L4, L5, and
L6 in different stages of hip joint extension and rotation during the passive stifle
joint bending exercise in 10 Beagle cadavers. The position of each nerve when the
limb was held in a neutral position was used as the reference point for distance
measurements.
Pretension
Pretension position with 
Nerve Hip joint Pretension position with stifle joint 
root extension position stifle joint flexion extension
L4 
Mean 0.3985 0.561 0.77 0.571
SD 0.38 0.42 0.44 0.40
SEM 0.12 0.13 0.14 0.13
L5 
Mean 0.83 1.22 1.61 1.24
SD 0.32 0.47 0.53 0.49
SEM 0.10 0.15 0.17 0.16
L6
Mean 0.655 0.86 1.11 0.77
SD 0.35 0.35 0.45 0.37
SEM 0.11 0.11 0.14 0.12
Table 2—Mean ± SD and SEM gliding distances (mm) of nerve root L7 during different stages of hip
joint flexion and rotation during the straight-limb–raising exercise in the same 10 dogs as in Table 1. 
Pretension
Pretension position with
Hip joint Pretension position with stifle joint
Value flexion position stifle joint flexion extension
Mean 0.227 0.637 0.935 0.637
SD 0.18 0.41 0.38 0.37
SEM 0.06 0.13 0.12 0.12
Table 3—Mean ± SD and SEM dural gliding distances (mm) during different stages of the dural stretch
exercise in the same 10 dogs as in Tables 1 and 2. 
Vertebral column Pretension Pretension
flexion position with position with
(pretension flexion of AO extension of AO
Value position) joint joint
Mean 0.744 0.822 0.722
SD 0.59 0.62 0.60
SEM 0.20 0.21 0.20
AO = Atlantooccipital.
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should be interpreted in context with the findings of
general, orthopedic, and neurologic examinations.
In the present study, the dural stretch exercise
resulted in measurable gliding of the spinal cord only
when dogs underwent vertebral column flexion from
the neutral position to the pretension position. The
gliding distances were small (ie, from 0.1 to 0.2 mm),
even with extreme flexion of the vertebral column.
This finding was in contrast with findings in humans,
in which gliding distances of up to 10 mm have been
observed.11 The difference may be explained by the dif-
ferent length of the spinal cord relative to the vertebral
canal in dogs and humans. In humans, the spinal cord
has a more distinct ascendus medullaris14 than the
spinal cord in dogs, in which the spinal cord is nearly
as long as the vertebral canal.13 The spinal cord in dogs
therefore has a pivotal point similar to that in the ver-
tebral column. Consequently, an applied stretching
force is distributed equally on both sides of the pivotal
point. If the forces applied to the spinal cord with flex-
ion of the vertebral canal are simplified in a parallelo-
gram, the resulting net force has a ventral direction,
resulting in spinal cord compression. In humans, the
pivotal point of the vertebral column is near the distal
end of the spinal cord. If the forces applied to the
spinal cord during flexion of the vertebral canal are
simplified in a parallelogram, the resulting net force is
in the cranial direction. This results in an increased
gliding movement of the spinal cord in humans. 
In human medicine, the hypothesis that
enhanced regional blood flow results in reduction of
edema, induction of retrograde and anterograde
axonal transport, and prevention of nerve root adhe-
sions resulting from externally applied nerve root
movements has been investigated.6,15-17 Originally, the
straight-leg–raising maneuver was used as an exami-
nation aid to verify disk disease in the lower lumbar
region.6 Fahrni18 standardized the straight-leg–raising
protocol and assessed its effect in 3 patients, with a
special focus on nerve root adhesions. Several models
for neural mobilization were developed by Breig et
al,8-11 who studied the straight-leg–raising and passive
knee-bending exercises in cadavers and found nerve
root gliding distances of 1 to 10 mm. Additional
inward and outward rotations of the hip joint result-
ed in increased gliding movements.
On the basis of these principles of neural mobi-
lization, specific exercises have been developed.6
Radicular blood flow in clinically normal dogs and
the effect of the compression of radicular blood ves-
sels have been investigated.16,17 Intraoperative investi-
gations have also been performed in humans with
sciatic and femoral nerve compressive lesions and
with positional nerve root pain induced by straight-
leg–raising and passive knee-bending maneuvers.
Interestingly, a correlation between nerve root move-
ment and regional blood flow in the nerve root
before and after surgical release of the compressed
nerve root was found. The authors postulated that
the origin of nerve root pain is not only a result of
compression, but may also develop secondary to
reduced venous blood flow, intraneural edema, and
inflammation.16,17
Clinical studies in which the outcome of physical
therapy exercises was investigated have yielded conflict-
ing results. Excellent results have been reported in
shortening rehabilitation time after surgery of the lower
portion of the back by applying the passive knee-bend-
ing and straight-leg–raising exercises as soon as possible
after surgery, and it has been concluded that a higher
rate of full rehabilitation in humans results when these
exercises are used.19-21 In another study,22 an aggressive
exercise protocol initiated shortly after diskectomy was
associated with rapid clinical improvement. The exercis-
es were designed specifically for active-muscle and joint
training. However, the long-term results were identical
to those of the group that received standard physical
therapy.22 The usefulness of early postoperative physical
therapy was supported by findings from an earlier
study23 in which aggressive training was initiated soon
after minimally invasive neurosurgical procedures.
However, it has also been reported that neuronal mobi-
lization does not yield superior effects when performed
in addition to conventional physical therapy.24 The
authors of that study postulated that there was a less
favorable outcome in the group undergoing frequent
neural mobilization. On the basis of those results, use of
the neural mobilization protocol in patients after lumbar
surgery was not recommended.24
Results of the present study indicate that, in dogs,
nerve roots L4 to L7 can be mobilized by external pas-
sive manipulations of the pelvic limb. The dural stretch
manipulation elicited movement of the dura during
movement of the animal into the pretension position.
However, the resulting gliding distances during flexion
and extension of the atlantooccipital joint as a result of
manipulating the dog into this uncomfortable position
were not considered to be effective. Use of that manipu-
lation in dogs is, therefore, of questionable value. On the
basis of present findings, the effectiveness of neural
mobilization in rehabilitation of lumbar disorders
should be assessed in clinical trials.
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Correction: Neurohormonal, hemodynamic, and electrocardiographic evaluations of healthy dogs receiving 
long-term administration of doxorubicin
In “Neurohormonal, hemodynamic, and electrocardiographic evaluations of healthy dogs receiving long-term administration 
of doxorubicin” (AJVR, Vol 67, pp 1319–1325), the corresponding author, Dr. Rute Chamié Alves de Souza’s address should read,
“Av. Visconde de Albuquerque, 258, apto.603, 50610-090, Recife-PE, Brazil.”
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Surgical Treatment of Lumbosacral Foraminal Stenosis Using a
Lateral Approach in Twenty Dogs with Degenerative Lumbosacral
Stenosis
THOMAS GO¨DDE, DrMedVet, Diplomate ECVN and FRANK STEFFEN, DrMedVet, Diplomate ECVN
Objectives—To describe clinical signs, magnetic resonance imaging (MRI) and surgical ﬁndings
using a lateral approach to the lumbosacral intervertebral foramen and to evaluate clinical out-
comes in dogs with or without concurrent dorsal decompression and annulectomy.
Study Design—Retrospective study.
Animals—Dogs (n¼ 20) with degenerative lumbosacral stenosis (DLSS).
Methods—Medical records (2002–2006) of dogs that had lumbosacral lateral foraminotomy alone
or in combination with dorsal decompression were reviewed. Degree of dysfunction was assessed
separately for each pelvic limb; dogs with unilateral signs were included in group A, those with
bilateral signs in group B. Retrieved data were: signalment, history, neurologic status on admission,
3 days, 6 weeks, and 6 months postoperatively, duration of clinical signs, results of MRI, surgical
site(s), intraoperative ﬁndings, and outcome.
Results—Based on the clinical andMRI ﬁndings unilateral foraminotomy was performed in 8 dogs,
bilateral foraminotomy in 1 dog, unilateral foraminotomy with concurrent dorsal decompression in
7 dogs, and bilateral foraminotomy with concomitant dorsal decompression in 4 dogs. Surgery
conﬁrmed the presence of foraminal stenosis in all dogs, with osteophyte formation and soft tissue
proliferations being the most common lesions. Outcome was good to excellent in 19 dogs and poor
in 1 dog. Mean follow-up was 15.2 months (range, 6–42 months).
Conclusion—Lateral foraminotomy addresses compressive lesions within exit and middle zones of
the lumbosacral foramen.
Clinical Relevance—Successful surgical management of DLSS is dependent on recognition and
correction of each of the compressive lesions within the lumbosacral junction.
r Copyright 2007 by The American College of Veterinary Surgeons
INTRODUCTION
DEGENERATIVE LUMBOSACRAL stenosis(DLSS) in dogs involves numerous soft and bony
tissue alterations of the spine, coupled with or caused by
suspected instability of the L7–S1 intervertebral disk.
These changes eventually lead to an exercise-dependent
compression of cauda equina nerve roots and associated
vasculature within the spinal canal and/or its associated
neuroforamina.1 Although described as a pathologic en-
tity in early investigations, foraminal stenosis was
thought to be a rare sequelae of DLSS in dogs.2,3 With
the widespread availability of magnetic resonance imag-
ing (MRI), recognition of L7–S1 foraminal stenosis, and
compressive radiculopathy of the L7 nerve root has
increased dramatically and reportedly occurs in 68% of
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dogs with DLSS4,5; however, MRI ﬁnding of foraminal
stenosis was associated with clinical signs in only 50% of
cases.5
Surgical procedures that address foraminal stenosis
are challenging. So far, surgical decompression of the L7
nerve root has been achieved by dorsal and medial ap-
proaches to the lumbosacral intervertebral foramen,
mostly as an extension of a standard L7–S1 laminec-
tomy with or without preservation of the articular fac-
ets.2,6 Problems and complications of these procedures
include limited access to lateralized intraforaminal com-
pressions and postoperative hypermobility and instability
and, occasionally, subsequent fractures of the contralat-
eral articular facet.7,8 The same limitation applies for an
experimental, endoscopic-assisted lumbosacral foramino-
tomy via dorsal mini-laminectomy.9 Although the results
of the aforementioned surgical approaches were consid-
ered good, no long-term follow-ups are available.
The lateral foraminotomy, we describe was specifically
developed to address compressive lesions within the for-
amen and at its exit. To our knowledge, this surgical
procedure has not been described in detail previously. In
our study, it was used as a stand-alone technique or in
combination with dorsal decompression and annulec-
tomy in those dogs with concurrent spinal canal stenosis.
Our purpose was to describe the clinical, imaging and
surgical ﬁndings of 20 dogs with unilateral or bilateral
foraminal stenosis with or without concurrent spinal ca-
nal stenosis.
MATERIALS AND METHODS
Dogs
Medical records of 20 dogs diagnosed and treated for
compression of 1 or both L7 nerve roots as part of DLSS were
reviewed. Recorded information included breed, age, sex, du-
ration of clinical signs, neurologic score at admission, results
of MRI focusing on stenosis within the foramen and spinal
canal, surgical ﬁndings, and complications.
Follow-up examinations were available for the ﬁrst 3 post-
operative days and  6 weeks and 6 months postoperatively
by a neurologic examination performed by 1 of the 2 authors.
Long-term follow-up information was based on telephone in-
terviews with the owners followed by another neurologic ex-
amination if the dogs were reported to still have some degree
of dysfunction. Dogs with concurrent orthopedic problems
were excluded from the study.
Neurologic Status Scoring
Each dog’s neurologic status (Table 1) was classiﬁed using
a modiﬁed scoring system.6 Both pelvic limbs were evaluated
separately and assigned to 1 of 4 degrees of dysfunction
(0¼ normal; 1¼mild; 2¼moderate; 3¼ severe). The differ-
ence between degrees 2 and 3 consisted of a weight-bearing
and non-weight-bearing lameness, respectively. Dogs were
further assigned to 1 of 2 groups based on their clinical pre-
sentation: group A included dogs with unilateral deficits only,
group B included dogs with bilateral deficits.
Diagnostic Imaging
All diagnostic images were obtained with the dogs under
general anesthesia. After premedication with medetomidine
(0.1mg/kg intravenously [IV]) and butorphanol (0.2mg/kg
IV) anesthesia was induced with propofol (4mg/kg IV) and
maintained with isoﬂurane in oxygen.
MRI of the lumbosacral junction was performed in all dogs
using either a 1.5T or a 0.23T magnet with a spine array coil
or a solenoid coil, respectively. T1w, T2w sagittal, and T2
transverse sequences of the lumbosacral spine were obtained.
The dogs were positioned in dorsal (1.5T magnet) or lateral
(0.23T magnet) recumbency with the hind limbs extended.
Standard fast spin echo (SE) sequences were used for all
MRIs. Settings used for the 1.5T magnet included sagittal T2-
weighted images (repetition time [TR] 3720–4000ms, echo
time [TE] 108–123ms, ﬁeld of view [FOV] 300–320mm, slice
thickness 2mm, and 2–3 acquisitions) and sagittal T1-weight-
ed images (TR 550–672ms, TE 12–15ms, FOV 240–320mm,
slice thickness 2mm, and 2–3 acquisitions). Transverse images
were obtained in planes parallel to the intervertebral disk
space and were T2-weighted in all cases (TR 4000–6360ms,
TE 110–120ms, FOV 180–220mm, slice thickness 2mm, and
3–4 acquisitions). Settings used for the 0.23T scanner were as
follows: Sagittal T2-weighted images (TR 3000ms;
TE¼ 80ms, 1 acquisition, and slice thickness 4mm), and sag-
ittal SE T1 3D-weighted images (TR¼ 300ms; TE¼ 24ms,
slice thickness 1.3mm, and 1 acquisition), and transverse SE
T1 3D (TR 300ms; TE 24ms; slice thickness 2mm, and 1
acquisition).
Dogs with evidence of orthopedic problems or fractures,
luxations, neoplasia, or discospondylitis of the spine were not
Table 1. Degrees of Pelvic Limb Dysfunction in Dogs with Lumbosacral
Foraminal and Spinal Canal Stenosis
Degree 1 (mild)
Lumbosacral pain
Mild persistent or intermittent weight-bearing lameness/paresis
Muscle atrophy
No neurological deficits
Degree 2 (moderate)
Lumbosacral pain
Persisting weight-bearing lameness/paresis
Muscle atrophy
Reduced ﬂexor withdrawal
Proprioceptive deficits (occasional)
Degree 3 (severe)
Lumbosacral pain
Non-weight-bearing lameness/paresis
Muscle atrophy
Reduced ﬂexor withdrawal
Proprioceptive deficits (occasional)
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included in the study. The nomenclature used to anatomically
describe the localization of the foraminal stenosis was the
same used in an experimental study of endoscopic-assisted
lumbosacral foraminotomy in the dog.9 The intervertebral
foramen (IVF) was divided into the entrance, middle, and exit
zones (Fig 1). A foramen was subjectively classiﬁed as being
stenotic when loss of the fat signal was complete or only a
minimal rim of fat signal was visible within one of the for-
aminal zones (loss of more than 80% of the expected area of
fat signal). This was determined at the level of the lumbosacral
foramen in parasagittal and transverse T2-weighted MR im-
ages. Severity of spinal canal stenosis from dorsal or ventral
was graded on the basis of maximum percentage of lumbo-
sacral vertebral canal attenuation seen on midsagittal images
(0¼none, 1¼mild [20–25%]; 2¼moderate [25–50%], and
3¼ severe [450%]).10
Indications for Lumbosacral Lateral Foraminotomy and
Dorsal Decompression
Lumbosacral lateral foraminotomy was performed in dogs
with uni- or bilateral foraminal stenosis seen on transverse and
parasagittal MRI and consistent clinical signs. Concurrent
dorsal decompression was achieved by laminectomy of S1
with or without annulectomy in dogs with MRI evidence of
moderate to severe spinal canal stenosis.
Surgery
Neither antibiotics nor corticosteroids were administered.
After aseptic skin preparation, the dog was positioned in ven-
tral recumbency with the hind limbs slightly ﬂexed and was
rotated to an angle of  201 away from the surgeon to im-
prove visualization of the foraminal exit zone. The skin was
incised from the L6 spinous process to S2 on the dorsal mid-
line. The superﬁcial truncal fascia was incised in the same
manner and subfascial fat was cleared away laterally to the
level of the ilial wing and retracted with the aid of Gelpi re-
tractors. The deep truncal fascia was incised about midline
between the ilial wing and the spinous processes between L6
and S2. Blunt penetration of the fascial cleft between the
multiﬁdus and sacrocaudalis muscles was performed.
The muscles were retracted and sharp dissection was used
to remove the muscular attachments to the articular processes
caudal to L6–7 and cranial to L7–S1. Blunt separation was
continued to the level of the transverse process and to the level
of the intervertebral foramen L7–S1 using a periosteal eleva-
tor. Partial removal of the quadratus lumborum and long-
issimus muscles with rongeurs was necessary for full exposure
of the transverse process and pedicle of L7. The position of the
ilial wing allowed instrumental and visual access to the
lumbosacral foramen in a dorso-oblique direction only. For-
aminotomy was performed using a high-speed drill.
The drill hole height extended from the dorsal aspect of the
transverse process to the base of the cranial articular process
of L7. The foraminotomy length extended from the caudo-
dorsal origin of the transverse process into the exit zone of the
intervertebral foramen (Fig 2). The bone was drilled away to
the inner cortical layer. After opening the lateral spinal canal
(entrance zone of the spinal nerve) and the L7–S1 interver-
tebral foramen beneath the articular facet, a blunt probe was
used to outline the extension of the canal. The foraminotomy
was extended in both a cranial and dorsal direction if neces-
sary with ﬁne burrs (2–4mm) and the use of a 2mm Ferry–
Smith–Kerrison rongeur. The nerve root was protected with a
small retractor. Osteophytes and soft tissues were removed
using small rongeurs. The procedure was considered complete,
Fig 1. T2-weighted transverse image (1.5 T magnet) at the
level of the lumbosacral disk in a normal dog to demonstrate
the different foraminal zones (a, b, c). A, entrance zone; B,
middle zone; C, exit zone.
Fig 2. Dorsolateral view of the lumbosacral spine to illustrate
the extension of lateral foraminotomy at L7–S1 (gray arrow).
Compare the width of the enlarged foramen with the appear-
ance of the intervertebral foramen foramen between L6 and L7
(white arrow).
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when the nerve root was free of any impingement and move-
able a few millimeters in a lateral and cranial direction with
gentle traction using a nerve root hook.
The most peripheral part of the intervertebral foramen was
difﬁcult to determine if spondylitic exostoses were excessive. In
these instances, ﬁne rongeurs were used to remove the bony
tissue around the nerve root. Great care was taken not to
lacerate the nerve or vessels. The wound was ﬂushed with
sterile saline solution and a fat graft placed around the nerve
root. The wound was closed by means of a continuous suture
of the deep truncal fascia. If a dorsal decompression was
performed concomitantly, the same incision was used to
approach the dorsal lumbosacral area. If bilateral for-
aminotomies were used 2 incisions were necessary for the
approach. A minimally invasive, partial dorsal laminectomy
as described by Kinzel was performed with the same instru-
mentation.11 A laminectomy of the 1st sacral segment was
performed and the ligamentum ﬂavum resected leaving the
caudal articular processes and facet joints of L7 intact. Dorsal
annulectomy of the lumbosacral disk was also performed by
this approach if disk protrusion was evident on MRI. Post-
operative care consisted of administration of nonsteroidal an-
tiinﬂammatory drugs and parenteral opioid analgesics during
the ﬁrst 24 hours postoperatively. Owners were advised to
strictly conﬁne the dog during the ﬁrst week and then increase
exercise on the leash in a stepwise fashion over 6 weeks. After
this initial period of restricted activity, dogs were gradually
returned to unlimited physical activity over another 2 weeks.
Assessment of Outcome
All dogs were neurologically examined daily during the
ﬁrst 3 postoperative days. Further neurologic examinations
were performed by 1 of the authors  6 weeks and 6 months
postoperatively in each dog. Additional follow-up information
was retrieved by telephone or neurologic reexaminations if
necessary. Dogs were neurologically reexamined after the 6-
month period if the owners reported their pet demonstrated
residual or recurring signs of lameness or pain.
Outcome was classiﬁed as excellent if no signs of neuro-
logic dysfunction or pain were found on follow-up examin-
ations and the owner perceived the dog to be clinically normal
without any restriction in physical activities. Outcome was
considered good if the results of the neurologic examinations
revealed minor deficits and the owner perceived the dog to
have improved but still was having subtle persistent or recur-
ring episodes of lameness and/or pain. Outcome was poor if
the dog failed to improve or had deteriorated further.
RESULTS
Signalment and Clinical Findings
Breeds included German Shepherd Dog (8), White
Swiss Shepherd Dog (3), Labrador Retriever (2), Boxer
(2), and 1 each of Great Dane, Rottweiler, Border Collie,
Briard, and Hovawart. There were 8 intact males, 6 in-
tact, and 6 spayed females. Body weights ranged from 18
to 54kg (median, 35.9kg). Age range was 2–11 years
(median, 5.7 years).Median duration of clinical signs be-
fore surgery was 6 months (range, 3 days to 24 months).
The course of disease to the ﬁnal diagnosis was acute-
progressive in 6 dogs, acute-intermittent in 8 dogs, and
chronic-progressive in 6 dogs. Major complaints on ad-
mission included uni- or bilateral lameness/weakness and
pain in all dogs. Signs of pain including crying during
physical activities, reluctance to jump, and guarding of
the affected limb while jumping as well as difﬁculty rising
after lying down were commonly reported by the owners.
All dogs had a history of conservative treatments includ-
ing restricted exercise and antiinﬂammatory medication
with unsatisfactory results.
On clinical examination, 10 dogs with abnormal ﬁnd-
ings restricted to 1 limb were assigned to group A and 10
dogs with bilateral pelvic limb dysfunction to group B.
Within group A, 3 dogs had deficits with degree 1, 4 dogs
with degree 2, and another 3 dogs with degree 3. Within
group B, 3 dogs had a significant lateralization of their
deficits with degrees 2 and 3 deficits of the affected limb
and only mild degree 1 deficits of the contralateral limb.
The other 7 dogs had degree 2 deficits in both hind limbs.
Exercise intolerance, especially while walking a steep
staircase, was found in all dogs. Furthermore, exacerba-
tion of lameness or paresis after extension of the affected
limb or the lumbosacral junction also was a consistent
ﬁnding in all patients. Diminished muscle tone and a re-
duced ﬂexor withdrawal reﬂex could be found in all af-
fected limbs with categories 2 and 3 deficits; however,
proprioceptive deficits did not occur consistently with
motor deficits of the affected limbs. In group A, prop-
rioception was normal in 7 dogs and reduced in 3 dogs. In
group B, proprioceptive deficits were found in 6 dogs.
Muscle atrophy was most pronounced in the semite-
ndinosus and semimembranosus muscles and could be
observed in all dogs of both groups. Paresis of the tail or
deficits of the perineal reﬂex were found in 4 dogs of
group B.
Diagnostic Imaging
Degenerative alterations of the lumbosacral junction
including ventral and lateral spondylosis deformans,
spondyloarthrosis, narrowed disk space, mineralized nu-
cleus, and sclerotic endplates was found in all dogs. One
dog had an asymmetric transitional lumbosacral verte-
bra. In addition to degenerative lumbosacral abnormal-
ities, 4 dogs had radiological ﬁndings consistent with
disseminated idiopathic hyperostosis (i.e. ventral bridging
spondylosis over several segments of the lumbar spine).12
On T2-weighted midsagittal MR images, degeneration
of the lumbosacral intervertebral disk was found in
all cases. Degeneration was characterized by decreased
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signal intensity of the nucleus pulposus. Eleven dogs
(55%) had moderate or severe stenosis of the spinal ca-
nal. In 7 dogs (35%), the cause of the stenosis was a disk
protrusion and in 4 dogs (20%) the compression was
caused by hypertrophy of the interarcuate ligament or the
dorsal lamina of S1.
Twenty-ﬁve of a total of 40 lumbosacral intervertebral
foramina were found to be stenotic (Figs 3–5C). The
most frequent location of foraminal stenosis was the
middle and exit zones in groups A and B (Table 2).
In group A, 8 of 10 dogs had a unilateral foraminal
stenosis without concurrent stenosis of the lumbosacral
canal; the other 2 dogs had an ipsilateral, lateralized
stenosis of the spinal canal in addition to the foraminal
stenosis.
In group B, 5 dogs had a unilateral and 5 dogs a
bilateral foraminal stenosis. Nine of 10 dogs had a con-
current stenosis of the spinal canal. The 3 dogs in group B
with asymmetrical clinical signs had a unilateral forami-
nal stenosis with concurrent lateralized spinal canal
stenosis. Of the 7 dogs in group B with bilateral sym-
metrical deficits, 1 dog had bilateral foraminal stenosis
without and 6 dogs had bilateral foraminal stenosis with
concomitant spinal canal stenosis.
Operative and Postprocedural Results
In group A, lateral foraminotomy was used unilaterally
as a sole procedure in 8 dogs (40%) and with concurrent
partial laminectomy and annulectomy in 2 dogs (10%).
In group B, 5 dogs (25%) had unilateral foramino-
tomy and concurrent partial dorsal laminectomy and an-
nulectomy. Four dogs (20%) had bilateral lateral
foraminotomy and partial dorsal decompression without
annulectomy whereas 1 dog (5%) had bilateral forami-
notomy without dorsal decompression.
Foraminal stenosis seen on MRI was conﬁrmed dur-
ing surgery. Gross pathologic changes within the forami-
na included absence or atrophy of perineural fat in the
foramen (n¼ 25), osteophyte formation at the level of the
exit zone (19), proliferation of soft tissue including joint
capsule and ligamentum ﬂavum connections at middle
and exit zones (16), disk protrusion in middle and exit
zones (6), and malformation of the articular facet (5). In
group A, a combination of 2 compressive lesions was
found within 2 foramina (2 dogs; 20%). In group B, a
combination of 2 lesions was found in 9 foramina (7
dogs; 70%)). Three lesions were present in 5 foramina (3
dogs; 30%; Table 3).
Hemorrhage from intervertebral veins providing com-
munication between the vertebral plexuses and extraver-
tebral veins was observed in 5 dogs and could be
controlled with hemostats and topical hemostatic agents.
Fig 3. T2-weighted transverse image (1.5 T magnet) at the
same level as in Fig 1 from a 3-year-old Boxer dog. Epidural
fat signal is replaced by hypointense tissue in the middle and
exit zones of the foramen (white arrow). An osteophyte was
found during lateral foraminotomy.
Fig 4. (A) T2-weighted parasagittal image (1.5T magnet)
through the left lumbosacral foramen of a 6-year-old German
Shepherd Dog. There is complete loss of fat signal within the
foramen (small arrow) and hypointense signal intensity sug-
gests presence of bony tissue at the middle and exit zone of the
foramen. Marked spondylosis deformans is present at the ven-
tral aspect of the lumbosacral junction (arrowhead). (B) T2-
weigthed parasagittal image through the contralateral foramen
of the same dog shown in A. Compare the fat signal of the
foramen between L6 and L7 (black arrow) to the signal within
the lumbosacral foramen (white arrow). Again, ventral
spondylosis is present (arrowhead).
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Mild injury to the perineurium of the L7 nerve root oc-
curred in 2 dogs during removal of osteophytes at the exit
zone. None of these dogs had increased neurological def-
icits after surgery.
Outcome Assessment
Follow-up ranged from 6 to 42 months (mean, 15.2
months; median, 10.9 months). All dogs were discharged
3 days after surgery. Immediate postsurgical complica-
tions were not noted and the neurologic status did not
deteriorate in any of the dogs. Three dogs had marked
improvement of their neurologic grade within the ﬁrst
3 postoperative days; however, neurologic grade had not
changed in most dogs at discharge. At 6 weeks postop-
eratively, neurologic grade had improved in 17 (85%)
dogs uni- or bilaterally, with 3 dogs (15%) being fully
normal at that time. At 6 months postoperatively, 8 dogs
(40%) had returned to normal function whereas 11
(55%) were found to have improved but still having mild
dysfunction in 1 pelvic limb. In 1 dog pelvic limb function
had worsened between 6-week and 6-month follow-up;
it was euthanatized at 9 months postoperatively because
of progression of concurrent degenerative myelopathy.
Although signs of pain elicited previously upon palpation
of the lumbosacral junction had resolved, this dog was
graded poor because superimposed gait abnormalities did
not allow a proper evaluation of the success of the
lumbosacral surgery.
Follow-up information412 months was available for
7 dogs. In these dogs, outcome was excellent in 5 dogs
and good in 2 dogs. For 3 dogs, follow-up information
was available for 43 years and outcome was graded as
excellent in all of them. Outcomes were good or excellent
in all dogs of groups A and B except for 1 dog (Table 4).
DISCUSSION
Diagnosis of a suspected lumbosacral foraminal steno-
sis emphasizes the importance of a thorough clinical ex-
amination and work-up to localize the lesion precisely
within the lumbosacral area and to exclude potential or-
thopedic causes. Although not specific, exercise-related
deficits and an exacerbation of the lameness with exten-
sion of the affected limb and the lumbosacral spine were
the clinical hallmarks of dogs in our series. Reduced or
absent proprioception was only found in 30% of group A
and 60% of group B dogs and, thus, was not considered a
major contributor to the clinical diagnosis. Results of
MRI conﬁrmed the clinical localization of the lesion in
group A, because the clinical ﬁndings could be directly
related to an ipsilateral foraminal stenosis. Resolution of
the lameness after surgical decompression of the L7 nerve
root further conﬁrmed the diagnosis retrospectively.
In contrast, neurological deficits of dogs in group B
usually were more difﬁcult to interpret. Clinical signs in-
dicated a lumbosacral lesion without clear localization of
additional foraminal stenosis. MRI results indicated
moderate to severe spinal canal compression concurrent
Fig 5. (A) SE T1 3D-weighted transverse image (0.23T
magnet) of the lumbosacral junction of a 3-year-old German
Shepherd Dog. There is absence of fat signal on the right side
compared with the contralateral foramen. Instead, there is
hypointense tissue in the entrance, middle, and exit zone of the
foramen (arrow). A lateral disk protrusion and soft tissue pro-
liferations were found during lateral foraminotomy. (B) SE T1
3D-weighted parasagittal image on the right side of the lower
lumbar spine (same dog as in [A]). There is only a small rim of
fat signal present at the dorsal aspect of the lumbosacral
foramen (arrow) indicating foraminal stenosis. (C) SE T1
3D-weighted parasagittal image on the left side of the lower
lumbar spine of the same dog as in (A) and (B). Fat signal is
present within the lumbosacral foramen (white arrow). Note
appearance of foramen between L6 and L7 (black arrow).
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with a uni- or bilateral foraminal stenosis in 90% of dogs.
The diagnostic difﬁculty in these cases was that neither
clinical nor electromyographic evaluation allows a dif-
ferentiation between L7 or S1 nerve root lesions, because
both supply the same myotomes of the sciatic nerve with
considerable individual variation among dogs.13 Further-
more, a precise description of sensory deficits such as
pain quality and distribution cannot be obtained and re-
lated to a specific nerve root in our veterinary patients.
However, the presence of multiple lesions affecting 1 or
several nerve roots in 1 spinal segment clearly resembles
the situation described in people with chronic lumbosa-
cral stenosis.14
In human spinal surgery, decompression of a forami-
nal stenosis frequently has to be combined with spinal
canal decompression such as laminectomy or laminotomy
to achieve the best results.15,16 Furthermore, unrecog-
nized or untreated foraminal stenosis is an important
cause of postsurgical pain and ‘‘failed back surgery syn-
drome’’ in these human patients.15,16 With regard to these
data and the aforementioned inability to localize the spe-
cific nerve root in our canine patients, we feel it is justiﬁed
to perform a concurrent foraminal and spinal canal de-
compression based on our list of indications. The con-
sequence of this therapeutic approach is clearly that we
are not able to attribute the outcome in these dogs to
either 1 or the combination of the surgical procedures.
However, the good to excellent outcome of the dogs in
group B and the absence of postoperative complications
justiﬁes the application of more than 1 surgical procedure
as we used.
As demonstrated above, MRI is essential for the di-
agnosis of a foraminal stenosis. The key ﬁnding is a hy-
pointense signal within the foraminal entrance, middle or
exit zones in both, transverse and parasagittal images.
The hypointensity is caused by replacement of intrafor-
aminal fat by other tissues.4,5,10 For accurate comparison
of both foramina, meticulous patient positioning, and
application of protocols with slice thickness of 2mm is
important to avoid partial volume artifacts and false
positive ﬁndings. Correct positioning of the dog can be
controlled by comparing the symmetry of anatomic land-
marks including the intervertebral joint facets or the ilial
wings. Concerning the cause of foraminal stenosis in our
study, osteophyte formation at the lateral aspect of the
vertebral bodies of L7 and S1 was the most frequent
ﬁnding followed by tissue proliferations of the articular
facets, ligaments, and joint capsules and degeneration
and lateralized protrusion of the lumbosacral interverte-
bral disk. However, while spinal canal stenosis can usu-
ally be attributed to a specific cause, i.e. intervertebral
disk protrusion or ligamentum ﬂavum hypertrophy, the
cause of foraminal stenosis seems to be more difﬁcult to
determine on MRI. All of the above-mentioned prolifer-
ations contributing to foraminal stenosis share similar
signal intensities in both, T1- and T2-weighted images.
The absence of epidural fat and the associated lack of
contrast in the foramen renders a differentiation between
Table 2. Summary of Distribution and Location of Foraminal Compression Seen on MRI of 20 Dogs with DLSS
Number of Stenotic
Foramina (n¼ 25)
Number of Dogs
(Group A)
Number of Dogs
(Group B)
% of Dogs
Affected
Distribution
Foraminal stenosis unilateral 15 10 5 75
Foraminal stenosis bilateral 10 0 5 25
Location
Foraminal stenosis at middle zone 5 3 1 20
Foraminal stenosis at middleþ exit zones 14 7 6 65
Foraminal stenosis at entranceþmiddleþ exit zones 6 0 3 15
MRI, magnetic resonance imaging; DLSS, degenerative lumbosacral stenosis.
Table 3. Summary of Surgical Findings Within 25 Stenotic Lumbosacral Foramina of 20 Dogs with DLSS
Group A Number of
Foramina and (%)
Group A Number of
Dogs and (%)
Group B Number of
Foramina and (%)
Group B Number of
Dogs and (%)
Absence of epidural fat 10 (40) 10 (100) 15 (60) 10 (100)
Osteophyte formation 5 (20) 5 (50) 14 (56) 10 (100)
Soft tissue proliferation 2 (8) 2 (20) 14 (56) 10 (100)
Lateral disk protrusion 3 (12) 3 (30) 3 (12) 2 (20)
Malformation of articular facet 1 (4) 1 (10) 4 (16) 2 (20)
DLSS, degenerative lumbosacral stenosis.
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these tissues difﬁcult to impossible. In addition, combi-
nations of compressive lesions as found in most dogs in
our study further hamper specific diagnosis based on
MRI.
The lateral foraminotomy was specifically developed
to address compressive lesions within the foraminal mid-
dle and exit zones as found in 65% of the dogs in our
study. Removal of tissues compressing or impinging the
nerve root from a dorsal, lateral, or ventral direction can
be performed successfully with this approach and visu-
alization of the nerve root is possible using gentle traction
with a nerve root hook. With previous surgical tech-
niques these goals were difﬁcult or impossible to achieve.
Partial or total facetectomy as described by Tarvin and
Prata is no longer recommended because of its potential
to induce mechanical instability of the lumbosacral ver-
tebral segment.3,18 Surgical decompression of the 7th
lumbar nerve root from a dorsal approach has been per-
formed previously either by dorsal fenestration of the
intervertebral disk in a lateral direction or by extension of
a standard laminectomy lateral and ventral under the
articular facet joint.6,17,18 As visualization and accurate
decompression of the foraminal middle and exit zones are
not possible with these approaches, they bear the risk of
incomplete decompression of the nerve root and persis-
tent deficits post surgically. Based on the results of bio-
mechanical investigations with human and canine spines,
the integrity of the articular facets and the segmental
motion are not expected to be disturbed by this procedure
and it can be applied unilaterally or bilaterally and in
combination with S1 laminectomies and dorsal annul-
ectomies without significant inﬂuence on segmental sta-
bility.19,20
Despite the good to excellent results reported here, we
have to acknowledge some limitations of the current in-
vestigation. Although the surgical procedures performed
are not thought to decrease segmental stability in a clin-
ically important manner, inherent lumbosacral instability
present in some dogs with DLSS may potentially require
the use of stabilization and distraction techniques in their
lumbosacral junction procedures.21,22 As these proce-
dures are thought to widen the foraminal dimensions and
eliminate dynamic compressions within the foramen, they
offer possibly more beneﬁt to patients with lumbosacral
instability. Furthermore, osseous regrowth, recognized as
decreased size and area of the lumbosacral foramen after
experimental endoscopic medial enlargement, has been
reported in dogs at 12 weeks postoperatively.9 Although
our approach to the foramen is different, new enchondral
bone formation and ﬁbrous tissue proliferation is part of
the normal healing characteristics after any vertebral sur-
gery. Consequently, this new growth may encroach on
the previously decompressed nerve roots.23,24 So far, we
were not aware that this problem occurred in any of the
dogs we treated but this question warrants further eval-
uation by means of MRI or computed tomography fol-
low-up studies.
The mean follow-up period was relatively short- and
long-term results could potentially reveal recurrence of
clinical signs in some dogs. Assessment of outcome was
based on the results of neurologic reexaminations and
owner’s reports and, therefore, may include some bias.
Objective measurements of the lameness pre- and post-
operatively using force plate analysis would have provid-
ed more reliable information, but this was not available
at our institutions.25 In our study, there were no differ-
ences evident comparing outcomes between dogs that
had lateral foraminotomy only and those with concurrent
dorsal decompression/annulectomy. However, studies
including more patients and longer follow-up periods
are necessary to add statistical evidence to these
observations.
Table 4. Outcome Summaries of 20 Dogs Treated with Lumbosacral
Lateral Foraminotomy According to Degree of Severity of Left (L) and
Right (R) Pelvic Limb
Dog
Admis-
sion
6
Weeks
Post-
opera-
tive
6
Mont-
hs
Post-
opera-
tive Last Follow-up
OutcomeL R L R L R L R Months
1 0 1 0 0 0 0 0 0 42 Excellent
2 3 0 1 0 1 0 1 0 7 Good
3 0 2 0 1 0 1 0 0 24 Excellent
4 1 0 1 0 0 0 0 0 36 Excellent
5 2 0 0 0 0 0 0 0 37 Excellent
6 3 0 1 0 0 0 0 0 12 Excellent
7 0 2 0 1 0 0 0 0 8 Excellent
8 0 1 0 1 0 0 0 0 9 Excellent
9 2 0 1 0 1 0 1 0 18 Good
10 2 2 1 1 1 0 0 0 9 Excellent
11 2 1 2 0 1 0 1 0 8 Good
12 3 0 1 0 0 0 0 0 8 Excellent
13 3 1 2 0 1 0 0 0 15 Excellent
14 3 0 2 0 1 0 1 0 17 Good
15 3 1 2 0 1 1 0 0 6 Excellent
16w 2 2 1 1 0 0 0 0 7 Excellent
17z 3 2 2 1 2 3 3 3 9 Poory
8z 2 2 1 1 1 1 0 0 8 Excellent
19z 2 3 2 2 1 1 1 1 7 Good
20z 2 2 2 1 1 1 1 1 18 Good
Dogs 1–8: unilateral foraminotomy.
Unilateral foraminotomy and dorsal decompression with anulec-
tomy.
wBilateral foraminotomy.
zBilateral foraminotomy with concomitant dorsal decompression
without annulectomy.
yConcurrent degenerative myelopathy and DLSS.
DLSS, degenerative lumbosacral stenosis.
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Summarily, our results demonstrate that lateral for-
aminotomy for decompression of the 7th lumbar nerve
roots is a successful procedure if applied unilaterally or
bilaterally with or without concurrent partial dorsal
laminectomy and annulectomy. Postoperative morbidity
was minimal and improvement of clinical signs was ob-
served in all but 1 dog at the end of the follow-up period.
To improve the indication for foraminotomy in dogs with
concurrent spinal canal stenosis, a reliable method for
assessment of the clinical significance of foraminal steno-
sis found on MRI has to be established.
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713GO¨DDE AND STEFFEN
CHAPTER 10 
 CONCLUSIONS AND FUTURE INVESTIGATIONS 
 
The results of the present investigations add information to various aspects of DLSS. From a 
prophylactic point of view, the increased risk to develop CES in a clinically normal dog with 
a lumbosacral transitional vertebral is a valuable information for dog handlers and breeders 
(Flückiger et al., 2006). In practice, this awareness has now prompted owners of working 
dogs to include the lumbosacral articulation in the radiographic evaluation of their dogs 
before they undergo the start of their working career and to exclude affected dogs from this 
purpose. Due to the high likelihood of a genetic background of this condition in certain 
breeds, the breeding committee of the White Swiss Shepherd Dog-Club does not allow 
breeding with affected sire or dams any more (Ergänzende Zucht- und Körbestimmungen 
EZB der GWS Schweiz vom 1.11.2007).   
With regard to surgical therapy of DLSS, the introduction of lateral lumbosacral 
foraminotomy represents an important contribution to the neurosurgical repertoire in the 
management of DLSS (Gödde and Steffen, 2007). Although, we did not directly compare the 
outcome between the different methods to decompress the 7th lumbar nerve root, our approach 
is less traumatic and, based on results of biomechanical studies in dogs and men, induces less 
iatrogenic instability than total facetectomy.  
In people, conservative management of degenerative conditions of the lumbar spine by means 
of physiotherapy has been reported to result in similar outcomes than surgical procedures on 
the long term (Atlas et al., 2005). Similar studies in canine DLSS are not available, but results 
of a prospective cohort study in dogs with cervical spondylomyelopathy treated medically or 
surgically did not reveal any differences in outcome on a one-year clinical and magnetic 
resonance imaging follow-up examination (Da Costa et al., 2007). The results of these studies 
demonstrate that investigations on new methods of conservative management such as 
physiotherapeutic mobilization of lumbar nerve are justified and should undergo clinical trials 
in randomized clinical studies (Grünenfelder et al., 2006). 
Although CES can be diagnosed by an accurate neurological examination and modern 
imaging modalities, there is a need for more specific identification of the affected nerve 
root(s) to formulate a more specific plan for treatment. While in humans affected nerve roots 
or spinal segments can be determined by use of segmental nerve blocks and provocative  
discography this is not possible in dogs as correct interpretation of the effects of these 
methods rely on patient communication (Wolff et al., 2001; Carragee et al., 2007).  
There is a continuing need for definition of the etiology of DLSS. Previous experiences 
suggest presence of strong genetic factors as some families of dogs, especially GSD’s, seem 
to be more affected than others. Collection of data of families of dogs is mandatory to gain 
more information on the genetic influence of the disorder. With the availability of powerful 
diagnostic imaging instruments such as MRI screening of whole litters at different ages would 
allow first conclusions towards a better understanding. Definition of what we are looking at to 
predict which imaging findings are associated with the disease, however, remain a 
prerequisite for these studies. In addition, proper scientific investigations will be expensive 
and time-consuming and, probably more important, would rely on an excellent cooperation of 
breeders and owners. 
From a therapeutic view, there is a strong need for more specific application of the various 
treatment options that are currently available (medical versus surgical treatment, 
decompressive versus stabilizing surgery, dorsal stabilizing methods versus pedicle screw 
fixation methods). In order to achieve this goal one of the first questions that need to be 
addressed is the definition and assessment of the degree of instability in the lumbosacral 
articulation. More practically spoken, an answer to the question which DLSS-patient needs 
decompressive surgery only and which one has to treated with stabilizing techniques. While 
the choice for decompressive surgery including dorsal decompression, annulectomy and/or 
dorsolateral foraminotomy may be based directly on the results of diagnostic imaging, the 
decision for one of the available stabilizing procedure is basically more difficult. The question 
“how much stability is needed?” is influenced by individual factors of the dog such as age, 
weight, lifestyle and degree of instability and this has to be taken in account while choosing 
the appropriate technique.  
Additional surgical techniques to stabilize the lumbosacral junction will be described in 
middle and short term. More than likely, the results will be good to excellent and there will be 
a lack of control populations. Therefore, the overall effect of new surgical techniques will add 
not only interesting news but also further confusion to the decision making in treatment of the 
individual patient, unless clinical trials will follow a rigid scheme.  Specific recommendations 
on how to enhance the level of evidence of orthopaedic and neurosurgical research results are 
currently developed (Schulz, 2007).  
In human lumbar disk surgery, intervertebral cage devices and artificial disk arthroplasty are 
highly topical and, also, represent an attractive option for veterinary neurosurgery 
(Blumenthal et al., 2005; Guyer et al., 2008). However, before adapting one of these 
techniques it may be helpful to determine the different needs for the canine patient with 
lumbosacral problems. One important regard in this respect are the different life expectancies 
of our veterinary patients compared to their human counterparts. For instance, surgical 
hardware does not need to be of equal duration in dogs and man: while a six to ten year 
duration of intact implant function in a dog may be sufficient, this would certainly not be 
enough in human patients.   
New strategies for management of DLSS beyond decompressive and stabilizing procedures 
may become available with the use of mesenchymal stem cells or disc chondrocyte 
transplantation which may be used for improved fusion procedures or regeneration of 
degenerated intervertebral discs (Meisel et al., 2007).  
 
These thoughts illustrate that discussions and controversies about various aspects of DLSS in 
dogs will continue. Prof. Johann Lang, University of Bern, concluded his habilitation thesis in 
1993 with the sentence that answering important questions about DLSS “will keep us busy for 
quite a while”. Fifteen years later, this statement is still true and should stimulate ongoing 
investigations on the various facets of DLSS. 
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